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THE LIPOLYTIC ACTIVITIES OF RAT LIVER
CHAPTER I
INTRODUCTION
O rigin of the  Problem and O bjectives  
In previous s tu d ie s  ( l )  on the mechanism of the  " l ip e m ia -c lea r -  
ing" e f f e c t  (2) of b a c t e r ia l  l ipopo ly saccha rides  a l i p o l y t i c  a c t iv i t y  
was observed in r a t  l i v e r  which had not been p rev io u s ly  described  in  the 
l i t e r a t u r e  and appeared to  be d i f f e r e n t  from the  so -c a l le d  "post-heparin"  
or l ip o p ro te in  l ip a s e  and a l i - e s t e r a s e .  The v i r t u a l  absence of l ip o p ro ­
t e in  l ip a s e  in the  serum and l i v e r  of l ip o p o ly s a c c h a r id e - t re a te d  animals 
prompted the in v e s t ig a t io n  of o the r  p o ss ib le  l i p o l y t i c  enzymes considered 
to  be of general importance in  the removal and metabolism of long-chain 
t r i g ly c e r id e s  by the  l i v e r .
The o b je c tiv e  of t h i s  research  study was to  demonstrate the  p re s ­
ence of a l i v e r  t r i g ly c e r id e  l ip a s e ,  to  c h a ra c te r iz e  i t s  l i p o l y t i c  a c t iv ­
i t y ,  and thus to  e s ta b l i s h  c r i t e r i a  fo r  the  d i f f e r e n t i a t i o n  between the 
p os t-heparin  l ip a s e ,  e s te r a s e ,  and t r i g ly c e r i d e  l ip a s e .  Within the  family 
of enzymes ca ta ly z in g  the  hydro lys is  of e s t e r s  i t  has long been customary 
to  d i f f e r e n t i a t e  between l ip a s e s  and e s te r a s e s  on the b as is  of t h e i r  r e l a ­
t i v e  p r e f e r e n t i a l  s u b s t r a te  s p e c i f i c i t y .  Lipases have been v a r io u s ly  de­
sc r ibed  as (a) enzymes hydrolyzing e s t e r s  of g ly c e ro l ,  p r in c ip a l ly  t r i ­
2g ly c e r id e s ,  (b) enzymes hydrolyzing e s te r s  of long chain f a t t y  ac ids  i r r e ­
spec tive  of the  chemical na tu re  of a lcoho l,  and (c) enzymes hydrolyzing 
e s t e r s  in  heterogeneous systems (3 ) .  In t h i s  in v e s t ig a t io n  th e  th i r d  de f­
in i t io n  has been used as the  c r i t e r i o n .  However, th e re  i s  no t a se rious 
discrepancy between the  f i r s t  and the t h i r d  d e f in i t i o n ,  because t r i a c e t i n  
i s , t h e  only t r i g ly c e r id e  which can be u t i l i z e d  in  a homogeneous system 
(4) .
In view of the c e n t ra l  ro le  played by the l i v e r  in  t r i g ly c e r id e  
metabolism and the numerous s tu d ie s  which have in d ica te d  th a t  chylomicron 
t r i g ly c e r id e s  (CTG) are  removed in t a c t  from the c i r c u la t io n  by the l i v e r  > 
without apprec iab le  in t r a v a s c u la r  l i p o ly s i s  (5 -9 ) ,  i t  was a n t ic ip a te d  
th a t  p h y s io lo g ic a l ly  the  demonstration of the  t r i g ly c e r i d e  l ip a s e  might 
re p re s e n t  one of the im portant missing f a c to r s  fo r  understanding the mech­
anism of t r i g ly c e r id e  uptake and metabolism by the l i v e r .  In l i v e r  c e l l s  
the CTG a re  hydrolyzed and the  f a t t y  ac ids  are  oxidized and/or u t i l i z e d  
fo r  sy n th es is  of l ip o p ro te in  t r i g ly c e r id e s  and phospholip ids (9 -11) .  A 
t a c i t  assumption of the proposed mechanism was the p resence, among o th e rs ,  
of a t r i g ly c e r i d e  l ip a s e  in  the  l i v e r .  This re sea rch  p ro je c t  was designed 
to  t e s t  t h i s  assumption.
Absorption, Transport and Removal 
of D ietary  F a ts
With the exception of the f a t  so lub le  v itam ins and c e r t a in  un­
s a tu ra te d  f a t t y  ac id s ,  l i p id s  a re  apparen tly  not an e s s e n t i a l  component 
in the  d i e t .  However, the  importance of f a t s  which re p re s e n t  a large 
p a r t  of the c a lo r ic  in take  of animals should not be underestim ated . Fats  
are  the  most concentrated  source of energy, y ie ld in g  pe r  u n i t  weight twice
3as many c a lo r ie s  as carbohydrates or p ro te in s .  The bulk of the d ie ta ry  
l i p id s  are t r i g ly c e r id e s  containing long-chain f a t t y  acids of animal or 
p la n t  o r ig in .
D igestion , Absorption and Transport 
of D ietary  Fats
The w ate r- in so lub le  cha rac te r  of the d ie ta ry  f a t s  r e q u ire s  spec­
i a l  mechanisms fo r  t h e i r  d ig e s t io n ,  absorp tion  and t r a n s p o r t .  Ind ica tions  
are t h a t  the m ajo rity  of f a t t y  acids fed as g lyce r ides  are absorbed a f t e r  
hydro lys is  to  f ree  f a t t y  acids but th a t  the m a jo r ity  of the  g lycero l of 
d ie ta ry  g lycer ide  i s  absorbed bound to  one or more f a t t y  ac ids  (12).
The most important enzyme fo r  the  hydro lys is  of t r i g ly c e r id e s  in 
the  in t e s t i n e  i s  p an c re a tic  l ip a s e .  This enzyme has been s tud ied  exten­
s iv e ly  (is). Hydrolysis by p an crea tic  l ip a s e  occurs predominantly a t  the 
a- and/or a ' -  p o s i t io n s ,  producing an a, p -d ig lyce r ide  and f a t t y  acid . 
D ig lyceride  i s  then hydrolyzed predominantly to  p-monoglyceride (14-16). 
Hofmann found only p-monoglyceride in  the i n t e s t i n a l  con ten ts  following 
a t r i g ly c e r i d e - r i c h  meal (17).
More r e c e n t ly ,  severa l re p o r ts  have ind ica ted  the  presence of an 
in t e s t i n a l  monoglyceride l ip a s e  (18-20). A hyd ro ly tic  a c t i v i t y  has been 
demonstrated fo r  both a -  and p-raonoglyceride (18-20). I t  has been sug­
gested th a t  the i n t e s t i n a l  monoglyceride may function  in the i n t r a c e l l u ­
l a r  completion of f a t  d ig e s t io n  (20).
There are two major p o s tu la te s  (21) about the mechanism of f a t  
absorp tion  of mucosal c e l l s  and the  chemical nature of l i p i d  components 
pass ing  through the membranes: ( l )  " P a r t ic u la te  theory" ,  according to
which the  products of l im ited  t r ig ly c e r id e  hydro lysis  in combination with
4b i l e  s a l t s  em ulsify the  remaining t r i g ly c e r id e s  and form p a r t i c l e s  which 
can p e n e tra te  the  mucosal c e l l ,  and (2) "L ipo ly tic  theory" which req u ire s  
a complete hydro lys is  of d ie ta ry  t r i g ly c e r i d e s .  The f a t t y  acids pene­
t r a t e  the mucosal c e l l s  and are  resyn thes ized  in to  t r i g ly c e r i d e s .  An 
a t t r a c t i v e  hypothesis allowing somewhat of a merger of the two p o s tu la te s  
has been suggested by Hofmann and Borgstrom (22). According to  t h e i r  hy­
p o th e s is ,  the ingested  t r i g ly c e r id e s  form an emulsion with b i l e  s a l t s .
The em ulsif ied  t r i g ly c e r id e s  are hydrolyzed to  p-monoglycerides and f a t t y  
acids which in  combination with b i l e  s a l t s  form a m ic e l la r  s o lu t io n .  The 
f a t t y  acids  and monoglycerides in  m ic e l la r  so lu t io n  p en e tra te  the  mucosal 
c e l l  p o ss ib ly  by a d i f fu s io n  process and are resyn thes ized  i n t r a c e l l u l a r -  
ly  in to  t r i g ly c e r i d e s .  Borgstrom e t  (23) have shown in the human 
th a t  the absorp tion  of f a t  i s  s ta r t e d  in  the  d i s t a l  p a r t  of the  duodenum 
and i s  completed in  the f i r s t  50-100 cm. of the  jejunum.
The enzyme systems necessary  fo r  the  sy n th es is  of t r i g ly c e r id e s  
from f a t t y  acids and e i th e r  g lyce ro l  or monoglycerides have been demon­
s t r a t e d  in  the  i n t e s t i n a l  mucosa. These enzymes have a s p e c i f i c i t y  fo r  
f a t t y  acids  conta in ing  a t  l e a s t  e ig h t  carbon atoms (only the  long-chain  
f a t t y  acids  appear in  the th o ra c ic  duct t r i g ly c e r id e s  whereas s h o r te r -  
chain f a t t y  ac ids  are t ran sp o r te d  p r im ar i ly  v ia  the  p o r ta l  c i r c u la t io n )  
(21).
In 1877, Edmonds noted the  appearance of p a r t i c l e s  in the  blood 
following f a t  ab so rp tion . Gage and F ish  (24) introduced the term chylo­
microns fo r  these  p a r t i c l e s  and e s tab l ish ed  th a t  they re p re se n t  f a t  p a r ­
t i c l e s  being t ran sp o r te d  from the in t e s t in e  to  s i t e s  of uptake v ia  the 
lymphatic and c i r c u la to ry  systems. Very l i t t l e  inform ation i s  av a i la b le
5regard ing  the  mechanism by which chylomicrons are formed. I t  i s  now gen­
e r a l ly  accepted th a t  the  chylomicrons a re  formed from the  products  of f a t  
d ig e s t io n  w ith in  the cytoplasmic m atrix  of the  ep ithelium  of the  small in ­
t e s t i n e  (25). I t  has been suggested th a t  the  chylomicrons are  d ischarged 
a t  the  s ide  of the  e p i t h e l i a l  c e l l  in to  the e x t r a c e l lu la r  spaces (26). 
From th e re  they  e n te r  the lymphatic c i r c u la t io n  v ia  the c e n t r a l  l a c te g l s  
and then the  systemic c i r c u la t io n  v ia  the  th o ra c ic  duct.
The chylomicrons c o n s t i tu te  a fam ily of p a r t i c l e s  of d i f f e r e n t  
s iz e s ,  on the o rder  of 0 .5 -1 .0  p. Their pe rcen t composition i s  approxi­
mately 86% t r ig ly c e r i d e s ,  3% c h o le s te ro l ,  8% phospholip ids,  and 2% pro ­
te in  (27).
Bierman and coworkers have demonstrated (28) two d i s t i n c t  groups 
of f a t  p a r t i c l e s  appearing in  serum during a lim entary  lipem ia . These 
p a r t i c l e s  can be separa ted  by d i f f e r e n t i a l  f lo c c u la t io n  with p o ly v in y l­
pyrro lidone  and c h a ra c te r ized  by s ta rch -b lo ck  e le c t ro p h o re s is .  The so- 
ca l le d  "primary" p a r t i c l e s  seem to  o r ig in a te  in  the i n t e s t i n e  and are  
id e n t ic a l  w ith  the  lymph chylomicrons. The "secondary" p a r t i c l e s  o r i g i ­
nate  presumably in  l i v e r  and con ta in  a mixture of exogenous and endogen­
ous t r i g ly c e r i d e s .  Both p a r t i c l e s  serve a v eh icu la r  ro le  in  the  t r a n s ­
p o r t  of t r i g ly c e r id e s  to  t i s s u e s  t h a t  m etabolize and u t i l i z e  long-chain  
f a t t y  ac id s .
Removal of Chylomicron T rig ly ce r id es  
from the  Systemic C irc u la t io n
When chylomicrons w ith  labeled  t r i g ly c e r id e  f a t t y  ac id s  are  in ­
je c te d  in trav en o u s ly ,  the  f a t t y  ac id s  are r a p id ly  removed with a c i rc u ­
la t in g  h a l f - l i f e  of only a few minutes (6-8 , 29-33). The r e s u l t s  of
6numerous in v e s t ig a t io n s  have in d ica ted  t h a t ,  under normal physio log ica l 
cond it io n s ,  the  l i v e r  i s  one of the major s i t e s  fo r  removal of chylomi­
crons from the  blood. From s tu d ie s  with in je c te d  labe led  chylomicrons 
i t  has been e s ta b l is h e d  th a t .a b o u t  one - th ird  of the t r i g ly c e r id e  f a t t y  
ac ids  i s  taken up by the  l i v e r ,  o n e - th ird  by the  adipose t i s s u e  and the 
remainder by o th e r  organs (5, 8, 6, 34).
There i s  l i t t l e  inform ation a v a i la b le  about the  removal mechan­
ism. I t  has been suggested, on the  b a s is  of e lec tron-m icroscopic  s tud ­
ie s ,  t h a t  chylomicrons are  taken in to  the  l i v e r  c e l l s  by p in o cy to s is  (35). 
Robinson has proposed t h a t  chylomicrons are trapped in  the e x t r a c e l lu la r  
spaces, such as the  spaces of Disse and the  s inuso id s  (40).
Recently  F e l t s  and Mayes (37, 38) suggested t h a t  the  l i v e r  may 
not be involved d i r e c t l y  in  the  removal and metabolism of CTG. According 
to  t h i s  view the  CTG a re  taken up and hydrolyzed in  the  p e r ip h e ra l  vascu­
l a r  beds and the  l ib e r a te d  serum free  f a t t y  acids e n te r  the  parenchymal 
l i v e r  c e l l s .  Thus, not t r i g ly c e r id e s  bu t f a t t y  ac ids  seem to  be the  chem­
ic a l  form t h a t  p e n e t ra te s  the  c e l l  membranes.
Elovson, O livecrona and Belfrage demonstrated (39) t h a t  the  l i ­
ver removed about o n e - th i rd  of the  labe led  chyle f a t t y  ac ids  ( s t e a r i c  
ac id )  from the  c i r c u la t io n  per time u n i t .  They considered t h i s  r e l a t i v e ­
ly  la rg e  amount of CTG to  be entrapped most probably in  the e x t r a c e l l u la r  
spaces where i t  was slowly m etabolized. Subsequently, inc reas ing  amounts 
of labe led  f a t t y  acids appeared in the  l i v e r  phospholip ids.  Label ap­
peared a c tu a l ly  in  o le ic  acid  in  both phospholip ids and non-phospholipids 
(a desa tu ra se  ca ta lyzed  the conversion of s t e a r i c  ac id  in to  o le ic  ac id ) .  
B elfrage (40) fu r th e r  evaluated  the " trapp ing"  phenomenon. Contrary to
F e l t s '  p roposa l,  he found t h a t  although a  p o r t io n  of "trapped" CTG could 
be perfused from the l i v e r ,  a la rge  p o r t io n  was apparently  hydrolyzed by 
the l i v e r  and the  f a t t y  ac ids  and g lycero l  were u t i l i z e d  fo r  sy n th es is  of 
l i v e r  l i p id s .  However, he admitted th a t  previous es tim ates  of the  ro le  
of the l i v e r  in  the  d i r e c t  metabolism of GIG may have been overestim ated.
Higgins and Green and Green and Webb (41, 42) have found th a t  
is o la te d  r a t  l i v e r  c e l l s  are  capable of binding chylomicrons and b r ing ­
ing about the hydro lys is  of chylomicron t r i g ly c e r id e s .  Of a l l  subce llu ­
l a r  f r a c t io n s  the plasma membrane had, per  u n i t  weight, the  g r e a te s t  ca­
p a c i ty  fo r  binding l i p id  and ca ta lyz ing  t r i g ly c e r id e  hydro lysis  ( 4 l ) .
They concluded th a t  these  f ind ings  are  not n e c e ss a r i ly  in  c o n f l i c t  with 
a p in o cy to tic  mechanism as a means of uptake (41) ( the  plasma membrane 
in vivo pinches o f f  in to  p in o c y to tic  v e s i c l e s ) .  However, some of t h e i r  
f ind ings  did not wholly support t h i s  mechanism (42).
In l i v e r  perfu s ion  s tu d ie s  Rodbell e t  a l .  (10) have found th a t  
the chylomicrons con ta in ing  C^^-labeled t r i p a lm i t in  were taken up without 
d e - e s t e r i f i c a t i o n .  All en try  s i t e s  were s a tu ra te d  w ith in  f iv e  minutes.
t r ip a lm i t in  was found in  both parenchymal and re t ic u lo e n d o th e l ia l  
c e l l s .
Very r e c e n t ly ,  Ontko and Z ilve rsm it  (43) used a combination of 
the l i v e r  perfus ion  and s l i c e  techniques to  study the ro le  of the  l i v e r  
in the  metabolism of chylomicrons. They found a very low i n i t i a l  lev e l  
of f re e  f a t t y  acids in  l i v e r  following chylomicron ad m in is tra t io n .  The 
subsequent r i s e  in  f re e  f a t t y  ac ids  in  the  l i v e r  was in te rp re te d  as a 
c le a r  in d ica tio n  of h ep a t ic  l i p o ly s i s  of CTG, in  agreement with s tud ie s  
of Green and Webb (42). In l i v e r s  removed from in ta c t  r a t s  which had
8been given labe led  chylomicrons the r a t i o  of labe led  t r i g ly c e r id e s  to  
phospholip ids was high (12-14 to  l ) .  On the  o the r  hand, a f t e r  the  i n t r a ­
venous adm in is tra t ion  of albumin-bound ra d io a c t iv e  f re e  f a t t y  a c id s ,  the 
r a t i o  of labeled  t r i g ly c e r id e s  and phospholip ids was c lose  to  u n i ty  (44). 
Therefore, Ontko and Z ilv e rsm it  (43) suggested th a t  the l i v e r  possesses  
the  a b i l i t y  to  remove and u t i l i z e  chylomicrons d i r e c t ly .  Contrary  to  the 
opinions of F e l t s  and Mayes (38), they concluded th a t  a s ig n i f i c a n t  por­
t io n  of the f a t t y  acids u t i l i z e d  by the l i v e r  of i n t a c t  r a t s  stems from 
the d i r e c t  removal of chylomicrons r a th e r  than from the  absorp tion  of c i r ­
cu la ted  f ree  f a t t y  ac ids  formed by the  e x tra h e p a t ic  l i p o l y s i s  of chylomi­
crons.
I t  i s  g en e ra l ly  considered th a t  the uptake of CTG by the  e x t ra -  
h epa t ic  t i s s u e s  involves the  degradation  of chylomicron s t r u c tu re  (29).  
Bragdon and Gordon (5) have demonstrated th a t  adipose t i s s u e  and the  
lungs, kidneys, muscles, spleen and h e a r t  take  up s i g n i f i c a n t  amounts of 
labe led  CTG f a t t y  ac id s .  They showed t h a t  the  t i s s u e  d i s t r i b u t i o n  was 
dependent upon the  n u t r i t i o n a l  s t a t e  of the  animal. Morphological e v i ­
dence a lso  in d ica te s  t h a t  chylomicrons are a l te re d  before leaving  the  ex­
t r a h e p a t ic  c i r c u la t io n .  The luminal su rface  of the  blood c a p i l l a r i e s  of 
ex tra h e p a t ic  t i s s u e s  i s  l ined  by a continuous la y e r  of e n d o th e l ia l  c e l l s  
w ithout f e n e s t r a t io n s ,  and th e re  i s  no evidence fo r  a d i r e c t  passage of 
chylomicrons across the c a p i l l a ry  w alls  (45).
The hydro lys is  of CTG to  f re e  f a t t y  ac ids  probably takes  p lace  
in p e r ip h e ra l  c a p i l l a ry  beds by a c t io n  of l ip o p ro te in  l ip a s e  (46 ).  Hahn 
was the f i r s t  to  observe th a t  heparin  in je c t io n  in  dogs b rings  about a 
c le a r in g  of lipemic se ra  (47). Anderson and Fawcett c o r re la te d  t h i s  ac-
9t io n  w ith c lea r in g  f a c to r  l ip a s e  (48). Korn (49) and o the rs  have demon­
s t r a t e d  the  presence of t h i s  l i p o ly t i c  a c t iv i t y  in  a la rg e  number of t i s ­
sues and suggested t h a t  the  corresponding enzyme be c a l le d  l ip o p ro te in  
l i p a s e .  Numerous s tu d ie s  have been performed on the  ro le  of c le a r in g  
f a c to r  l ip a s e  in  the d i s t r i b u t io n  of t r i g ly c e r i d e  f a t t y  ac ids  in  the  ex­
t r a h e p a t ic  t i s s u e s .  Robinson (45) in  reviewing these  s tu d ie s ,  commented 
about the  p o ss ib le  sp e c ia l  s ig n if ican ce  fo r  the  c le a r in g  f a c to r  mechanism 
as fo llow s: " I f  the  func tion  fo r  the c le a r in g  f a c to r  l ip a se  in  d i s t r i b ­
u ting  t r i g ly c e r id e  f a t t y  acids to  the  e x t ra h e p a t ic  t i s s u e s  which has been 
o u tl in ed  i s  s u b s ta n t ia te d ,  the enzyme w i l l  determine the  p a t te rn  of d i s ­
t r i b u t io n  of the  f a t t y  acids  in the  body s ince  the  e x te n t  of uptake by 
any t i s s u e  w i l l  depend upon i t s  con ten t of c l e a r in g - f a c to r  l ip a s e " .
The Lipid Hydrolases
In broad terms the  l i p id  hydrolases are  a r a th e r  p o o r ly  defined 
family of enzymes which ca ta lyze  the  hyd ro ly s is  of e s t e r  bonds in  a v a r i ­
e ty  of s u b s t r a te s .  Within the  family i t  i s  u su a l ly  customary to  d i s t i n ­
guish l ip a s e s  and e s t e r a s e s .  E arly  workers assumed th a t  a l ip a s e  hydro­
lyzes n a tu ra l  t r i g ly c e r id e s  and e s te ra se s  hydrolyze e s t e r s .  Extensive 
in v e s t ig a t io n s  of s p e c i f i c i t i e s ,  however, have shown the  l ip a s e s  to  be 
very u n sp ec if ic  enzymes d isp lay ing  a considerab le  overlap  with equally  
nonspec if ic  e s te r a s e s .
B alls  and Matlack (50) have r e f e r r e d  l i p a s e  s p e c i f i c i t y  to  en­
zymes s p l i t t i n g  long-chain  f a t t y  acid  e s t e r s .  Included in  t h i s  d e f i n i ­
t io n  are  those enzymes s p l i t t i n g  long-chain  f a t t y  ac ids  from monohydric 
a lc o h o ls .  A lte rn a te ly ,  s p e c i f i c i t y  has been r e f e r r e d  to  e s t e r s  of g ly c ­
e r o l ,  i r r e s p e c t iv e  of the  chain leng th  of the  f a t t y  ac id .  A f u r th e r  com-
10
p l i c a t io n  has a r is e n  from the use of water so lub le  e s t e r s ,  such as p-ni-, 
trophenyl a c e ta te  and Tweens (51),  as l ip a se  s u b s t r a te s .
Using p u r i f i e d  p a n c re a t ic  l ip a s e  as a "model l ip a se "  Sarda and 
Desnuelle (3) have shown t h a t  l ip a s e s  w i l l  a c t  only in  a heterogeneous 
system and do not a c t ,  or a c t  very slowly on w ate r-so lub le  s u b s t r a te s .
In 1846 Claude Bernard demonstrated l ip a se  a c t iv i t y  in  the pan­
creas (52). L i t t l e  f u r th e r  advance was achieved in  s tu d ie s  on the l ip a s e s  
u n t i l  W i l l s t a t t e r  and h is  coworkers made s ig n i f i c a n t  c o n tr ib u tio n s  in  the 
e a r ly  1920' s .  Lipases are widely d is t r ib u te d  in  animals, p la n ts  and mi­
croorganisms. P ancrea tic  l ip a s e  has been the  more thoroughly studied  and 
has been i s o la te d  in  a r e l a t i v e l y  p u r i f i e d  form.
P ancrea tic  l i p a s e . Desnuelle and h is  a s so c ia te s  have made by 
f a r  the  g r e a t e s t  advances in  the  s tu d y  of p an c re a t ic  l ip a s e .  However, a 
vas t  amount of l i t e r a t u r e  i s  av a i la b le  from many la b o ra to r ie s .  Pancrer 
a t i c  l i p a s e ,  s im i la r ly  to  o the r  enzymes p re sen t  in  the  pancreas sec re ­
t io n s ,  i s  produced in  the  ac in a r  c e l l s  and i s  probably contained in  the  
"zymogen g ran u le s” as a c t iv e  l ip a se  (13). However, very re c e n t  e le c t ro n  
microscopic s tu d ie s  in d ic a te  t h a t  l ip a s e  i s  formed in  the endoplasmic r e ­
ticulum of the ac in a r  c e l l s  and concentrated  in  the Golgi zone r a th e r  than 
in  the  zymogen granules  (53).
The importance of t h i s  enzyme in the d ig e s t io n  of d ie ta r y  f a t  
was in d ica te d  e a r l i e r .  The pathway of l i p o ly s i s  i s :  t r ig ly c e r id e — >b,p-
d ig ly ce r id e— ^-m onoglyceride— ^glycero l.  The s p l i t t i n g  of chains in  the 
p -p o s i t io n  i s  slow and p o ss ib ly  occurs only a f t e r  in tram olecu la r  acyl mi­
g ra t io n  (13) .  The p o s i t io n a l  s p e c i f i c i t y  of t h i s  enzyme has been used to  
e lu c id a te  the  d i s t r i b u t io n  of f a t t y  acids in many n a tu ra l  t r i g ly c e r i d e s .
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Wills (4 ) found the h ighest hydro lys is  r a t e s  in both crude and 
p u r i f ie d  panc rea tic  l ip a se  to  be displayed toward t r ip ro p io n in  and t r i -  
bu ty r in .  The r a te  of hydro lys is  of e th y l  b u ty ra te  was extremely slow.
Lipoprotein  l ip a s e  (c le a r in g  f a c to r  l ip a s e ,  p os t-heparin  l i p a s e ) . 
Whether the terms l ip o p ro te in  l ip a s e ,  c le a r in g  f a c to r  l ip a s e ,  and p o s t ­
heparin l ip a s e  are synonomous i s  a moot question . They share many common 
c h a r a c te r i s t i c s  and t h e i r  d if fe re n ces  may be la rg e ly  due to  semantics.
As ind ica ted  e a r l i e r ,  t h i s  l ip a se  i s  s tim ula ted  in  vivo by heparin and 
a f t e r  heparin adm in is tra t ion  i s  found in  increased  amounts in  serum and 
in a l l  t i s s u e s  with the  p o ss ib le  exception of the b ra in .  This enzyme, un­
l ik e  many o ther l ip a s e s ,  req u ire s  the presence of a l ip o p ro te in  complex 
fo r  i t s  maximal a c t i v i t y .  I t s  normal su b s t ra te  i s  lipemic plasma. In 
add ition  to  a c t iv a t io n  by heparin ,  l ip o p ro te in  l ip a s e  req u ire s  the  addi­
t io n  of ca t ions  and of a f a t t y  acid acceptor such as serum albumin (54). 
The a c t i v i t y  of the  enzyme i s  determined by measuring the c learance of or 
the production of the end-products of hydro lys is  of a t r i g ly c e r id e  l ip o ­
p ro te in  emulsion.
Studies on the c h a ra c te r iz a t io n  of l ip o p ro te in  l ip a se  have been 
done without the b e n e f i t  of p u r i f i e d  enzyme p re p a ra t io n .  The enzyme has 
been found to  be in h ib i te d  by high concen tra tions  of NaCl (1 M), 5% sod i­
um ta u ro c h o la te ,  5% protamine s u l f a te  (49 ,55 ),  sodium f lu o r id e ,  d ie th y l  
p -n itrophenyl phosphate (56), sodium desoxycholate (57) and c e r ta in  poly­
anions (58).
In a c t iv a t io n  of l ip o p ro te in  l ip a s e  by b a c t e r i a l  heparinase led 
to  the  conclusion th a t  heparin i s  an in te g ra l  p a r t  of the enzyme (59). 
J e f f r i e s  (60) perfused p os t-heparin  blood through the is o la te d  r a t  l i v e r
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with a r e s u l t a n t  decrease in  i t s  l i p o ly t i c  a c t i v i t y .  He concluded th a t  
t h i s  organ des troys  c le a r in g  a c t i v i t y .
Korn ( 5 4 ) concluded t h a t  l ip o p ro te in  l ip a s e  of r a t  plasma showed 
no sp ec ia l  p o s i t io n a l  s p e c i f i c i t y  and th a t  f a t t y  acids  p re se n t  in  a l l  
th re e  p o s i t io n s  in  g lyce r ides  are  r e a d i ly  hydrolyzed. The c le a r in g  fac ­
to r  had no d i f f e r e n t i a l  s p e c i f i c i t y  fo r  g ly ce r id es  composed of a wide 
range of d i f f e r e n t  f a t t y  ac id s .  Caprici, l a u r i c ,  s t e a r i c ,  o le ic  and l i n -  
o le ic  e s te r s  were s p l i t  a t  about the same r a t e .
I t  has been suggested t h a t  heparin  r e le a s e s  more than one enzyme, 
or more than one form of the enzyme, and t h a t  a stepwise degrada tion  of 
the  l ip o p ro te in  t r i g ly c e r id e s  occurs (6 I ) .
Several au thors  have reported  th a t  l ip o p ro te in  l ip a s e  i s  absent 
or p re sen t  in  only i n s ig n i f i c a n t  amounts in  the  l i v e r  (7, 34, 39, 49, 62, 
63); more re c e n t  f ind ings  seem to  in d ic a te  i t s  presence in  e i t h e r  r e l a ­
t i v e l y  small amounts o r  in  an in a c t iv e  s t a t e .  C ons tan tin ides  and cowork­
e r s  (64) found th a t  CCl^ poisoned or p a r t i a l l y  hepatectomized r a t s  exhib­
i t e d  g r e a te r  lipemia c le a r in g  a c t i v i t y  and concluded th a t  t h i s  rep resen ted  
in d i r e c t  evidence fo r  a b lea r in g  fa c to r  in a c t iv a t in g  system in the  l i v e r .
Mayes and F e l t s  (65) demonstrated a l ip o p ro te in  l ip a s e  in  the 
r a t  l i v e r ,  but in  an in a c t iv a te d  s t a t e .  However, the  in a c t iv a t io n  could 
be reversed  by a te n - fo ld  inc rease  of heparin  concen tra tion  in the  in 
v i t r o  assay system.
Hamilton (66) found th a t  c lea r in g  fa c to r  l ip a s e  was re le a sed  in ­
to  the  blood stream in dogs following a s in g le  passage of heparin  through 
the  l i v e r  vascu la r  beds.
Some o ther  l ip a s e s  of metabolic im portance. A number of l ip a s e s
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which can be d i f f e r e n t i a t e d  from l ip o p ro te in  l ip a s e  have been observed 
in various  t i s s u e s .  Mosinger, Pechar and Segova demonstrated two l ip o ­
l y t i c  a c t i v i t i e s  in  r a t  lungs, one of w^ich was not id e n t ic a l  to  th a t  of 
l ip o p ro te in  l ip a s e  (67).  On the  b as is  of d ie ta ry  s tu d ie s  (68) and age 
dependence (69) they p o s tu la te d  th a t  these  enzymes have d i f f e r e n t  func­
t io n s  in  f a t  metabolism.
Various re p o r ts  of l ip a se s  occurring  in  the  i n t e s t i n a l  mucosa 
have been published . In many cases the  p o s s i b i l i t y  of t h e i r  id e n t i t y  
with the p an c re a t ic  l ip a s e  was not excluded. However, as r e l a t e d  e a r l i e r ,  
several r e p o r ts  of an i n t e s t i n a l  monoglyceride l ip a s e  have demonstrated 
c le a r ly  the presence of an independent enzyme (18, 19, 20).
The s to rage  and m ob iliza tion  of the  f a t t y  acids  from the  l ip id  
depot cen te rs  has focused a sp ec ia l  a t t e n t io n  on the adipose t i s s u e  
l ip a s e s .  At l e a s t  th ree  l i p o l y t i c  a c t i v i t i e s  have been demonstrated in 
t h i s  t i s s u e  in  the  r a t :  l ip o p ro te in  l i p a s e ,  a horm one-sensitive l ip a se
ac t iv a te d  by epinephrine and cy c l ic  AMP (59, 70, 7 l)  and a l ip a s e  sp ec i­
f i c  fo r  monoglycerides (72).  Lynn and Perryman p u r i f i e d  and described  an 
adipose t i s s u e  l ip a s e  which had an apparent s p e c i f i c i t y  fo r  t r i b u ty r in  
(73). Two l i p o l y t i c  a c t i v i t i e s  in  human adipose t i s s u e s  were demonstrated 
by Schnatz, of which one was ch a ra c te r ized  by i t s  optimum a c t i v i t y  a t  an 
a lk a l in e  pH and an apparent s p e c i f i c i t y  toward t r i b u t y r i n ,  and the  o ther 
by optimum a c t i v i t y  a t  n e u t ra l  pH and with o l iv e  o i l  as s u b s t r a te  (74).
The l i p id  hydrolases  p re sen t in  the  l i v e r . Mammalian l i v e r  con­
t a in s  severa l types of hydro lases  which might be concerned w ith  the  hy­
d ro ly s is  of various l i v e r  l i p i d s .  The e a r l i e r  d e s c r ip t io n s  included 
those termed a l i - e s t e r a s e  (75), l ip a se  (76, 77, 78), le c i th in a s e  or phos-
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pholipase (79, 80), c h o le s te ro l  e s te ra se  (81), vitamin A e s te ra se  (82), 
and ary l s u l f a ta s e  (83). In 1942 R ich ter  and C roft (84) described  a l i -  
e s te ra se s  as enzymes hydrolyzing e s te r s  of N-free a lcoho ls ,  and they  sub­
divided t h i s  c la ss  in to  l ip a s e s  which p r e f e r e n t i a l ly  s p l i t  f a t s  and o i l s ,  
and e s te ra se s  which cleave simple e s te r s  of monohydric a lcoho ls .  The En­
zyme Commission defined a l i - e s t e r a s e  as carboxylic e s t e r  hydrolase 
( 3 .1 .1 .1 ) .
In more rece n t  s tu d ie s ,  non -spec if ic  e s te ra se s  have been demon­
s t r a t e d  (85) by the use of water so luble  su b s t ra te s  such as p-naphthyl 
a c e ta te ,  a method introduced by Nachlas and Seligman (86). Keay (87) used 
p -n itropheny l e s te r s  to  study a p u r i f ie d  hog l i v e r  e s te ra se  and Krisch 
(88) used a c e ta n i l id e  and o th e r  a n i l id e s  to  study a h ighly  p u r i f i e d  hog 
l i v e r  microsomal e s te ra s e .
Boguth, Krisch and Niemann (89) p u r i f i e d  hog l i v e r  microsomal 
e s te ra se  by means of DEAE-Sephadex column chromatography and determined 
i t s  molecular weight as 174,000. The enzyme was d isaggregated  completely 
in to  four equal subunits  by sodium do d ecy lsu lfa te .  From t h e i r  su b s tra te  
and in h ib i to r  s tu d ie s  they concluded th a t  t h i s  e s te ra se  was id e n t ic a l  
with microsomal amidase, amino acid  e s te ra s e ,  a l i - e s t e r a s e  and procaine 
e s te ra se  which had been described  p rev ious ly .
Only very r e c e n t ly  have a l im ited  number of re p o r ts  in d ic a t in g  
the presence of a l i v e r  t r i g ly c e r id e  l ip a se  appeared in  the  l i t e r a t u r e .  
Since some of these  observations  have been based on D esnue lle 's  d e f in i ­
t io n  of a l ip a se  i t  i s  p o ss ib le  to  compare the  r e s u l t s .
In a p re lim inary  no te ,  Belfrage (90) described a r a t  l i v e r  mono­
g lycer ide  s p l i t t i n g  enzyme (glycerol-m onoester hydro lase) .  The enzyme
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was ac t iv e  only toward monoglycerides and d id  not hydrolyze d io le in  under 
the experimental cond itions  used. U t i l iz in g  Ediol as s u b s t r a te ,  G rafne tte r  
and G rafnetterova (91) described a l i p o l y t i c  a c t i v i t y  in  r a t  l i v e r  homo- 
genates .  Although the r a t e  of l i p o ly t i c  a c t i v i t y  was increased  by the ad­
d i t io n  of albumin, i t  was not influenced by the  presence of plasma or 
0.01 M Ca"^, and i t  was in h ib i te d  by serum. Protamine s u l f a t e  (2 mg/ml) 
and 1 M NaCl caused a 20% in h ib i t io n  of a c t i v i t y .  Irwin and coworkers 
(92) and Biale and coworkers (93) a lso  noted the  presence of a t r i g ly c e r ­
ide l i p o ly t i c  a c t iv i t y  in  the  l i v e r  w ithout d i f f e r e n t i a t i n g  i t  from ac­
t i v i t y  catalyzed  by a l ip o p ro te in  l ip a s e .  However, the  conditions  used 
in  t h e i r  assays would not favor the l a t t e r  enzyme. Higgins and Green 
(41) demonstrated th a t  the  plasma membrane of the  l i v e r  c e l l  has the ca­
p a c i ty  to  bind chylomicrons and hydrolyze t h e i r  t r i g ly c e r id e  component.
This hydro lysis  was unaffec ted  by the usual in h ib i to r s  of l ip o p ro te in  
l ip a s e .
In 1965, i t  was demonstrated independently  by Vavrinkova and 
Mosinger (94) and Olson and Alaupovic (95, 96) th a t  the  r a t  l i v e r  does 
conta in  a t r ig ly c e r id e  l ip a s e .  Using var ious  a r t i f i c a l  f a t  emulsions or 
lipemic serum, Vavrinkova and Mosinger (94) demonstrated the r e le a s e  of 
f a t t y  acids from t r i g ly c e r id e s  by l i v e r  homogenates. Although they found 
no enhancement of a c t i v i t y  with serum, the presence of albumin increased 
the a c t iv i t y .  The enzyme was described  as therm olab ile  and showed two 
pH optima. Maximal a c t i v i t y  was d isp layed  a t  pH 5, with a secondary ac­
t i v i t y  demonstrated a t  pH 8. In fu r th e r  s tu d ie s  (97) they r e la te d  the 
l i p o ly t i c  a c t iv i t y  to  the  n u t r i t io n a l  s t a t e  of the  animal. They evalu­
ated the i n t r a c e l l u l a r  l i p o ly s i s  by observing an increased concen tra tion
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of f a t t y  acids w ithin  the  l i v e r  s l i c e s  and the  e x t r a c e l l u la r  l i p o ly s i s  
by a s im i la r  inc rease  occurring  in  the media in  vAich the s l i c e s  were in ­
cubated. They concluded th a t  the  l i p o ly s i s  occurs e x t r a c e l l u l a r l y  and 
th a t  the increased  con ten t of f a t t y  ac ids  in  l i v e r  s l i c e s  could be a t t r i ­
buted to  t h e i r  uptake from the  media. There was an inc reased  accumula­
t io n  of f a t t y  acids in  s l i c e s  derived  from fa s ted  r a t s .  In c o n t ra s t ,  fed 
r a t s  showed a h igher r a t e  of l i p o ly s i s  in  the l i v e r  media. The l i p o ly t i c  
a c t i v i t y  was enhanced by 0.5% protamine s u l f a te  or 0 .44 M NaCl, an e f f e c t  
opposite  to  t h a t  a n t ic ip a te d  i f  the  enzyme a c t i v i t y  were due to  l ip o p ro ­
te in  l ip a s e .
Olson and Alaupovic (95, 96) described  the i s o la t io n  of r a t  l i v ­
e r  t r i g ly c e r id e  l ip a se  (g ly c e ro l - e s te r  hydro lase , EC 3 .1 .1 .3 ) .  Using 
phosphate b u f fe r  and Ediol s u b s t r a te  peak l i p o l y t i c  a c t i v i t y  was found a t  
pH 7 .2  with an ad d i t io n a l  sm aller  peak a t  pH 7 .8 -8 .  The l i p o l y t i c  a c t iv ­
i t y  was increased  severa l fo ld  in  the  presence of sodium desoxycholate. 
However, with albumin as the  so le  a d d i t iv e ,  a sharp decrease  in  a c t i v i t y  
was observed. With Ediol s u b s t ra te  and phosphate b u f fe r  (pH 7 .2 ) ,  h ighest 
s p e c i f ic  a c t i v i t y  was lo ca ted  in  the so lub le  f r a c t io n  of s u b c e l lu la r  prep­
a r a t io n s .  Highest a c t i v i t y  toward methyl b u ty ra te  was loca ted  in the 
mitochondria and microsomal f r a c t io n s .
Rat l i v e r  homogenates were a lso  r e c e n t ly  shown by C arte r  (98) to  
have a l i p o l y t i c  a c t i v i t y  a g a in s t  w a te r- in so lu b le  g lycero l e s t e r s  of long- 
chain f a t t y  ac id s .  This a c t i v i t y  was found to  be very  l a b i l e .  Preincu­
ba ting  the  whole homogenate fo r  1 h r .  a t  37° r e s u l t e d  in  lo s s  of 80% of 
i t s  l i p o l y t i c  a c t i v i t y .  NaCl (0 .5  M), EDTA (lO"^ M) and protamine (300 
lig/ml) had no e f f e c t  on the  r a t e  of h y d ro ly s is .  The a c t i v i t y  was inh ib ­
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i t e d  by Ca"^ ions and, s u rp r is in g ly ,  by r a t  serum. However, 0.05 M NH4'*’ 
enhanced the  hyd ro ly s is  r a t e  20%. When e i t h e r  t r i o l e i n  or t r ip a lm i t in  
were used as s u b s t r a te s ,  a l l  l i v e r  s u b c e l lu la r  f r a c t io n s  showed l i p o ly t i c  
a c t i v i t y .  The h ighes t s p e c i f i c  a c t i v i t y  was d isp layed  by the microsomes. 
The assay system contained albumin and was b u ffe red  to  pH 7 .4  with phos­
phate b u f fe r .
The Unique Physical Chemical Considerations 
of the  Lipase Enzyme Action
E luc ida tion  of the  mechanisms by which t r i g ly c e r id e s  are hydro­
lyzed poses a p a r t i c u l a r  cha llenge . Not only i s  i t  necessary  to  make the 
usual c h a ra c te r iz a t io n  of the  enzymatic r e a c t io n ,  but i t  i s  a lso  equally  
important to  re so lv e  the  added problems r e l a t in g  to  the  f a c t  t h a t  these  
re a c t io n s  are tak ing  p lace  a t  an o i l /w a te r  in te r f a c e .
Sarda and Desnuelle (3 ) ,  using methyl b u ty ra te  as s u b s t ra te ,  
demonstrated t h a t  as long as i t  was p re sen t  in  concen tra tions  below the 
s a tu ra t io n  p o in t  i t  was hydrolyzed l i t t l e ,  i f  a t  a l l ,  by p an crea tic  
l ip a s e .  However, when the  s o l u b i l i t y  l i m i t  was exceeded, the  su b s tra te  
was hydrolyzed ra p id ly .  Thus, l ip a se  a c ts  only on em uls if ied  f a t  g lob­
u les  separa ted  from water by an in t e r f a c e .  In a mixture of o i l  and water, 
l ip a s e  occurs n e i th e r  in  water nor in  o i l ,  but adheres to  the  in te r f a c e .
I t  i s  p o ss ib le  t h a t  the  adsorp tion  a t  the  in te r f a c e  c o n tro ls  the  enzyme 
a c t i v i t y  in  an " a l l  or none" way (13). Desnuelle suggested a t  a time 
when i t  had not y e t  been v e r i f i e d  th a t  "a M ichaelis  constan t can be de­
fined  fo r  a l ip a se  as being the i n t e r f a c i a l  area (or the  number of sub­
s t r a t e  molecules loca ted  in  t h i s  a rea )  which g ives to  the  l i p o ly s i s  reac ­
t io n  the h a l f  of i t s  maximal r a t e "  ( l 3 ) .  He has a lso  shown th a t  the  i n i ­
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t i a l  r a t e  v a r ie s  with the i n t e r f a c i a l  a rea  fo r  a constan t weight of sub­
s t r a t e .  The i n i t i a l  r a t e  fo r  a given weight of su b s tra te  i s  lower with 
a coarse r  emulsion than with a f in e r  one. Two d i f f e r e n t  curves were ob­
ta ined  when the  i n i t i a l  r a t e s  were p lo t te d  ag a in s t  su b s t ra te  concentra­
t io n ,  but a s in g le  curve was obtained fo r  both emulsions when the  p lo t  
was made ag a in s t  in t e r f a c i a l  a rea .  Thus, a b a s is  has been provided for 
the " in te r f a c ia l  enzymology" (13).
Mattson and Volpenhein (99) have pointed out the  importance of 
the r a t e s  a t  which the  r e a c ta n ts  d i f fu s e  to  the in te r f a c e  and the  r a te s  
a t  which the products d i f fu s e  away from the  in te r f a c e .  They found th a t  
the r a t e  of hydro lysis  of incubation  m ixtures shaken a t  a r a t e  of 150 
cycles/m in. i s  only h a l f  of th a t  r e a l iz e d  a t  a r a t e  of 330 cycles/m in.
Free f a t t y  acids are considered by many to  be in h ib i to r s  of h y d ro ly s is .
I t  was suggested by them th a t  t h i s  may be due to  t h e i r  accumulation a t  
the  in te r f a c e ,  thus blocking the formation of the enzym e-substrate com­
plex . They a lso  demonstrated th a t  the  f a t t y  ac ids  re leased  from t r i g l y ­
ce r id es  during hydro lysis  in  v i t r o  showed a p a t te rn  of a lk a l in e  s a l t  to  
n o n e s te r i f ie d  f a t t y  acid r a t i o  as a function  of pH. This was demonstrated 
by carry ing  out the assays a t  various pH values and m aintaining the  se ­
le c ted  pH values by the a d d i t io n  of s tandard ized  XOH. At the  end of 10 
min. the volume of KOH was recorded (a lk a l in e  s a l t ) .  The incubation  mix­
tu re  was then a c id i f ie d  and the  t o t a l  f ree  f a t t y  acids were determined.
I t  was found th a t  90^ of f a t t y  acids formed during d ig e s t io n  were p resen t 
as a lk a l in e  s a l t s  a t  pH 9, but only 2(% were p re sen t  a t  pH 7. Since soaps 
and f ree  f a t t y  acids do not have the  same su rface  ac t iv e  p ro p e r t i e s ,  the  
hydro lys is  a t  an o i l /w a te r  in te r f a c e  would be influenced by a change in
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the pH a t  which the d ig e s t io n  i s  c a r r ie d  out simply because of the  change 
of the r a t i o  of soap to  n o n e s te r i f ie d  f a t t y  acid .
Sarda ^  (lOO) found th a t  the  po ten t  organo-phosphate inh ib ­
i t o r ,  d ie th y l  p -n itropheny l phosphate, in h ib i te d  l ip a s e  only in an emul­
s i f i e d  s t a t e .  With "d i lu te "  emulsions a p a r t  of the a c t i v i t y  disappeared 
completely and i r r e v e r s i b ly .  They p o s tu la ted  th a t  an ac t iv e  cen te r  does 
not e x i s t  as long as the l i p o ly t i c  enzyme i s  in  so lu tio n  and th a t  i t  i s  
formed and becomes able to  i n t e r a c t  with s u b s t ra te s  and in h ib i to r s  when 
the noncovalent s t ru c tu re  of the l ip a s e  molecule i s  modified by i n t e r f a ­
c ia l  adso rp tion .
A very  in te r e s t in g  phenomenon of a c t iv a t io n  and in h ib i t io n  i s  
observed with p an crea tic  l ip a se  upon the add ition  of b i l e  s a l t s .  Borgstrom 
(lO l) noted t h a t  when d ig e s t io n  was c a r r ie d  out a t  pH 8 b i l e  s a l t s  had an 
in h ib i to ry  e f f e c t .  At pH 6 , the  add ition  of 0.2% b i l e  s a l t s  caused an 
acc e le ra t io n  in  the  r a t e  of h y d ro ly s is ;  h igher concen tra tions  d id  not 
show th i s  a c c e le ra t io n .
Desnuelle and Sarda (13) showed th a t  the add ition  of taurocho- 
l a t e  to  a t r i o l e i n  emulsion a t  37° increased  the  i n i t i a l  r a t e  of hydroly­
s i s  with p an c re a tic  l ip a s e  by a fa c to r  of 4. They suggested t h a t  l i p o ly ­
s i s  in the absence of tau ro ch o la te  was not temperature dependent between 
10 and 40°, but th a t  i t  became temperature dependent in the  presence of 
t h i s  compound. Although sh o r t  of a f in a l  in t e r p r e ta t io n  these  authors 
summarized t h e i r  views, as fo llow s; "enzymic c a t a ly s i s  occurs by the 
successive r e a c t io n s ,  and the  o v e r -a l l  r a t e  i s  the r a t e  of the  slowest 
re a c t io n .  I t  may, th e re fo re  be assumed th a t ,  in the  absence of ta u ro ­
cho la te  the  o v e r -a l l  r a t e  of l i p o ly s i s  i s  determined by a nontemperature-
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dependent r e a c t io n ,  t h a t  tau ro c h o la te  a c c e le ra te s  t h i s  r e a c t io n ,  and th a t  
another, a c tu a l ly  temperature-dependent re a c t io n  then becomes r a t e  l i m i t ­
ing ."  (13).
T r ib u ty r in  l i p o ly s i s  i s  temperature-dependent in  the  absence of 
tau ro ch o la te  and i s  not a f fe c te d  by i t s  add it ion  (13). Thus, Desnuelle 
(13) a s s e r t s  th a t  the  s tep  a t  which tau rocho la te  appears to  a c t  i s  not 
the primary in te r a c t io n  of l ip a s e  with an in te r f a c e ,  but another process 
which i s  e s p e c ia l ly  slow w ith  long-chain f a t t y  ac id s .  He suggests  th a t  
perhaps t h i s  i s  a phys ica l process  such as g lycer ide  d i f fu s io n  or o r ie n ­
ta t io n  a t  the  in te r f a c e ,  or f re e  f a t t y  acid  removal from the in te r f a c e .
CHAPTER I I  
MATERIALS AND METHODS 
M ater ia ls
M ateria ls  used in  the  course of these  experiments were as f o l ­
lows: Ediol (Riker L ab o ra to r ie s :  50?^  coconut o i l ,  12.5% sucrose USP,
1.5% g lycero l monostearate , 2% polyoxyethylene so rb i ta n  monostearate,
0.1% sodium benzoate USP, 0.08% methyl paraben USP, 0.02% propylparaben 
USP, 0.01% b u ty la te  hydroxyanisole, 0.05% EDTA), o live  o i l  (Sargent, pure 
imported), t r i c a p r o in ,  t r i c a p r y l i n ,  t r i l a u r i n ,  t r i m y r i s t i n ,  and methyl 
s te a r a te  (K & K L abora to r ie s ,  I n c . ) ,  t r ip a lm i t in  (Mann Research Labora­
t o r i e s ) ,  t r i o l e i n  (Cal Biochem), d ip a lm it in ,  monopalmitin, d io le in  (Hormel 
I n s t i t u t e ) ,  methyl b u ty ra te  and monoblein (Eastman O rganics). Organic 
so lven ts  used were: n-butanol (Matheson, Coleman & B e l l ) ,  acetone
(F is h e r ) ,  d ie th y l  e th e r  (F ish e r ,  anhydrous), isopropanol ( J .  T. Baker 
C o.) ,  heptane (Eastman O rganics). Buffer components used were: Tris
(Mann Research L abo ra to r ies ,  tr ihydroxy  amino methane), g lycyl g lycine 
(Cal Biochem), sodium phosphate and potassium dihydrogen phosphate (Mal- 
l in c k ro d t ) .  In h ib i t io n  and a c t iv a t io n  s tu d ie s  were c a r r ie d  out using: 
heparin  (Upjohn, Heparin, sodium), albumin (Armour Pharmaceutical, F rac­
t io n  V bovine plasma), a toxy l (K & K L abora to ries ,  sodium a r s a n i l a t e ) ,  
Eserine  (Merck, phytostigmine s u l f a t e ) ,  E-600 (K & K L abora to r ies ,  d ie th y l
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p-n itropheny l phosphate), protamine (Sigma Chem. Co., Protamine S u l fa te ) ,  
Polybrene (Abbott L abo ra to r ie s ,  poly (1-5 diazundeca methylene methobro- 
m ide)),  iodoace tic  acid and sodium desoxycholate (Mann Research Labora­
t o r i e s ,  sp ec ia l  enzyme g rade) ,  sodium c h lo r id e ,  sodium f lu o r id e ,  calcium 
ch lo ride  (F is h e r ) ,  Sephadex (Pharmacia) and DEAE c e l lu lo s e  (Applied Sci­
ence Lab., In c . ,  washed and p re te s te d  fo r  column chromatography).
Tissue P repara tion  
Tissue samples were prepared ro u t in e ly  from Holtzraan male r a t s  
weighing approximately 300 grams. Rats were secured from the  Houston 
Cheek Co., Houston, Texas. Animals were e i t h e r  fa s ted  overnight or fed 
ad l ib itum  on Purina r a t  chow. They were s a c r i f i c e d  under l i g h t  e th e r  
anes thesia  by exsanguination from the descending ao r ta  and the l iv e r s  
were perfused  _in s i t u  w ith ice  cold 0.9?^ NaCl u n t i l  blood co lo r  d isap ­
peared from the  t i s s u e .
Whole Homogenates 
The b lo t te d  and weighed l i v e r  was cu t in to  s l i c e s  and homogen­
ized with 0.1 M phosphate b u f fe r  (pH 7 .2 )  by 30 s tro k es  in  a x |lass  homo- 
genizer designed by Drs. Caputto and McCay in  the  Biochemistry Section of 
the  Oklahoipa Medical Research Foundation. Both the  whole homogenate and 
the superna tan t f r a c t io n  obtained by i t s  c e n t r i fu g a t io n  a t  755 x g fo r  
20 min. were u t i l i z e d  as s t a r t i n g  m a te r ia l  fo r  enzyme p rep a ra t io n s .
Acetone Powders
Acetone powders were prepared in  a Waring blendor by mincing ap­
proxim ately  12 g. of l i v e r  with 160 ml. of precooled (-40®) acetone fo r  
1 min. The p r e c ip i ta te d  l i v e r  t i s s u e  was recovered by f i l t r a t i o n ,  washed
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with a t  l e a s t  th re e  volumes of cold acetone and d r ied  by suc tion  a t  room 
tem perature. The drying procedure was aided by s t r e tc h in g  -several la y e rs  
of Saran wrap across the  top of the  Buchner funnel.  The d r ied  powders 
could be s to red  i n d e f i n i t e ly  a t  -40°.
P repara t ion  of the  Powders of Butanol-Water 
I n t e r f a c i a l  Layer from Liver 
Homogenates (BIPH)
The superna tan t f r a c t io n  of whole l i v e r  homogenate was t r e a te d  
with an equal volume of n -butanol which had been cooled to  4°. The mix­
tu re  was gen t ly  shaken (lOO s tro k es )  in  a sepa ra to ry  f la s k  and then a l ­
lowed to  sep a ra te  in to  two l iq u id  phases and an i n t e r f a c i a l  phase a t  4°. 
The phases were sepa ra ted ,  and the  i n t e r f a c i a l  la y e r  was p r e c ip i t a t e d  
with cold acetone. The acetone p r e c i p i t a t e  was c o l le c te d  by suc tion  a t  
room tem perature, washed with acetone to  remove re s id u a l  butanol and dried  
in  vacuo. Traces of acetone were removed by washing the  f i l t e r  cake with 
cold anhydrous d ie th y l  e th e r  and by auction ing  the f i l t e r  cake to  dryness . 
This p rep a ra t io n  (BIPH) was s to red  a t  -40°.
P repara tion  of the Powders of Butanol-Water 
I n t e r f a c i a l  Layer from Liver 
Acetone Powders (BIPA)
Three grams of l i v e r  acetone powder were e x tra c ted  w ith  100 ml.
of 0.1 M phosphate b u f fe r  (pH 7 .2 )  fo r  30 min. a t  4°. The in s o lu b le  r e s ­
idue was separated  e i t h e r  by c e n t r i fu g a t io n  or f i l t r a t i o n  and was d is c a rd ­
ed. The superna tan t f r a c t io n  was t r e a te d  with an equal volume of cold n-
bu tano l,  shaken gen t ly  (100  s t ro k es )  and allowed to  sep a ra te  in to  phases 
in the co ld . This i n t e r f a c i a l  bu tano l-w ater  la y e r  (BIPA) was then f u r ­
th e r  t r e a te d  as described  above in  the procedure fo r  the  p rep a ra t io n  of
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BIPH.
Ammonium S u lfa te  F ra c t io n a t io n  
A sa tu ra te d  so lu t io n  of ammonium s u l f a t e  was allowed to  e q u i l i ­
b ra te  a t  4°. Three grams BIPH or BIPA were ex tra c ted  with 100 ml. 0.1  M 
phosphate b u f fe r  (pH 7 .2 )  fo r  30 min. a t  4°. The e x t ra c ts  were c e n t r i ­
fuged a t  755 X g fo r  10 min. and the  in so lub le  d eb r is  was d isca rded .  Se­
qu en t ia l  ammonium s u l f a te  f r a c t io n a t io n s  of the  e x t ra c ts  were performed 
a t  4° by adding success ive ly  the requ ired  volume of sa tu ra te d  ammonium 
s u l f a t e  so lu tio n  fo r  each d es ired  percentage of s a tu ra t io n .  The p re c ip ­
i t a t e s  were recovered by c e n t r i fu g a t io n  a t  8500 x g fo r  10 min. The f i ­
nal f r a c t io n  was p r e c ip i ta te d  by the  ad d i t io n  of so lid  ammonium s u l f a t e .  
The in d iv id u a l  p r e c i p i t a t e s  were resuspended in  cold, 0.1 M phosphate 
bu ffe r  (pH 7 .2) and assayed.
Column Chromatography 
Sephadex gel f i l t r a t i o n . Sephadex was e q u i l ib ra te d  w ith 0.1 M 
phosphate b u ffe r  (pH 7 .2 )  and the f in e  p a r t i c l e s  were removed by severa l 
décan ta t ions  with the  b u f fe r .  Several grades of Sephadex (G-50, G-75, 
G-lOO and G-150) were used. A Sephadex s lu r r y  was packed in to  e i th e r  
5 X 100 cm. or 3 X 40 cm. columns. The e f f ic ie n c y  of the  column packing 
was te s te d  by e lu t in g  a so lu t io n  of blue d ex tran .  In order to  make a 
denser so lu t io n  sucrose (approxim ately 50 m g./m l.) was added to  10-15 ml. 
of BIPH or BIPA e x t r a c t .  The so lu t io n  was then applied to  the  top of the  
column by lay e r in g  i t  c a r e fu l ly  under the  b u f fe r .  A po r tio n  of the o r ig ­
in a l  e x t r a c t  was re ta in e d  fo r  the  assay. The column was e lu ted  with 0.1 
M phosphate b u f fe r .  F rac tio n s  (4 .5  m l.)  were co l le c te d  Vvith the  aid of
25
a Gilson f r a c t io n  c o l le c to r  (Gilson Medical E le c tro n ic s ,  Middleton, 
Wisconsin). The p ro te in  content of each f r a c t io n  was measured.
DEAE-cellulose column chromatography. DEAE-cellulose was equ i­
l ib r a te d  with 0.02 M phosphate b u ffe r  (pH 7 .2 ) .  I t  was then packed to  a 
he igh t of 21 cm. in  a 1.9 x 30 cm. column. The column was charged with 
15 ml. of an enzyme p rep ara t io n  which had been obtained by a 50-75?^ ammo­
nium s u l f a t e  p r e c ip i ta t io n  of BIPH. The ammonium s u l f a te  p r e c ip i t a t e  had 
been d ia lyzed  aga in s t  0.02 M phosphate b u f fe r  overn ight. The flow r a t e  
was maintained a t  approximately 10 ml. per  hour. The column was developed 
with inc reas ing  concen tra tions  of phosphate b u f fe r  (pH 7 .2 ) .  Approximate­
ly  80 ml. of each of the  following b u ffe rs  were passed through the column: 
0.02, 0.075, 0 .1 ,  0.125, 0.175 and 0 .2  M. F rac tions  of 4 .5  ml. were c o l­
lec ted  with the aid of the Gilson f r a c t io n  c o l le c to r  and the p ro te in  con­
ce n tra t io n  of each f r a c t io n  was determined.
S ubce l lu la r  F rac t io n a t io n
Rat l i v e r s  were divided in to  approximately 6 g. u n i t s  and homo­
genized with 0.25 M sucrose so lu tio n  by f i f t e e n  up and down s trokes  of a 
g la ss  homogenizer. Thirty-two m i l l i l i t e r s  of sucrose were used fo r  each 
g. of l i v e r  t i s s u e .  A p o rt ion  of the mixture was re ta in e d  fo r  assay and 
the remainder was cen tr ifuged  a t  755 x g fo r  ten  minutes. The sediment 
rep resen ted  d e b r i s . The superna tan t p o r t io n  was brought to  a t o t a l  v o l­
ume of approximately 40 ml. with a 0.25 M sucrose so lu tion  and c e n t r i ­
fuged a t  8700 X g fo r  10 min. The superna tan t f r a c t io n  was separa ted  and 
re ta in e d .  Approximately 40 ml. of sucrose so lu tio n  were added to  the  
p r e c ip i t a t e  and i t  was again e x tra c ted  and cen tr ifuged  a t  8700 x g fo r  10 
min. This procedure was repeated  once more. The p r e c ip i t a t e  rep resen ted
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the  mitochondrial f r a c t io n . The pooled superna tan t f r a c t io n s  which now 
amounted to  approximately 120 m l . / 6  g. of l i v e r  were again cen tr ifuged  a t  
8500 X g fo r  10 min. and the  res idue  was added to  the  mitochondrial f r a c ­
t i o n .  The supernatan t f r a c t io n  was then cen tr ifu g ed  a t  105,000 x g fo r  
1 h r .  The supernate from th i s  c e n t r i fu g a t io n  c o n s t i tu te d  the  so luble  
f r a c t io n  and the p r e c ip i t a t e  the microsomal f r a c t io n .
P ro te in  Determination 
The p ro te in  con ten t of the enzyme p rep ara t io n s  was determined by 
the  Warburg absorbance an a ly s is  method according to  Kalckar (102). Spec- 
trophotom etric  de term inations  were performed in  a 1 cm. Beckman s i l i c a  
cuvette  in  a Beckman DUR Spectrophotometer. The amount of p ro te in  con­
ta ined  in  one ml. of so lu tio n  was determined by the  formula:
L i . 4 5  X Q.D.(280 m^)] -  [0 .74 x 0.D.(260 m^)] = mg. protein/ml.
The Enzyme Assay System
Prepara tion  of Enzyme E x trac ts  
In order to  ob ta in  e x t ra c ts  of enzyme powder p rep a ra t io n s  approx­
im ately 1 g. of powder was s o lu b i l iz e d  w ith 7 .5  ml. of appropria te  b u ffe r  
by s t i r r i n g  i t  in  an ice  bath fo r  30 minutes. Residue was separated from 
the e x t r a c t  by c e n t r i fu g a t io n  or f i l t r a t i o n .  When f re sh  homogenates were 
used, la rg e  p a r t i c l e s  were p r e c ip i ta te d  by c e n t r i fu g a t io n  a t  755 x g fo r  
10 min. and removed to  f a c i l i t a t e  p ip e t in g  and p ro te in  a n a ly s is .  Subcel­
lu l a r  f r a c t io n s  were resuspended in ice  co ld , 0.25 M sucrose to  give a 
p ro te in  concen tra tion  of approximately 10 mg./ml.
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P repara t ion  of S ubs tra te s
All s u b s t ra te s  with the  exception of methyl b u ty ra te ,  which was 
used as a 1% so lu t io n ,  were prepared in an em ulsified  form. The follow ­
ing procedure was used to  prepare  a s ta b le  emulsion of o l ive  o i l :  One
hundred and e ig h ty  m i l l i l i t e r s  of an ice  cold 10% aqueous so lu t io n  of gum 
arab ic  and 20 ml. of c h i l l e d  o liv e  o i l  were homogenized in  a Waring 
blendor a t  high speed fo r  15 min. This emulsion was s ta b le  fo r  a t  l e a s t  
4 months. A s ta b le  emulsion of t r i b u ty r in  was prepared in  the  same man­
ner by s u b s t i tu t in g  20 ml. of t r i b u ty r in  fo r  the o liv e  o i l .  Ediol (see 
M ate r ia ls )  was used as supplied  by Riker L abora to ries  or d i lu te d  with wa­
t e r  (1 :3  v /v ) .
Standard s u b s t ra te  so lu tio n s  were prepared immediately before 
use in  the  following manner:
1 ml. of app rop ria te  emulsion
3 .5  ml. 0.1 M phosphate b u f fe r  (pH 7.2)
0 .5  ml. sodium desoxycholate (4% w/v in water)
Ingred ien ts  were mixed, p re incubated  a t  37° fo r  30 m in .,  and the  pH was 
ad justed  i f  necessary  by the  add ition  of 0 .1 N HCl or 0.1 N NaOH.
S ubs tra te s  to  be used in  c h a ra c te r iz a t io n  s tu d ie s ,  such as p u r i ­
f ied  t r i g ly c e r i d e s ,  monoglycerides, d ig ly c e r id e s  or e s t e r s ,  were prepared 
in the  same manner in amounts corresponding to  40 pEq of t h e i r  e s t e r i f i e d  
f a t t y  acids (EFA) av a i la b le  per  0 .5  m i l l i l i t e r .
Incubation
Incubations were c a r r ie d  out in  a t o t a l  volume of 1 ml. Culture 
tubes with te f lo n - l in e d  caps were used as incubation  v e s s e ls .  Each sam­
ple was assayed in  e i th e r  d u p lic a te  or t r i p l i c a t e ,  to g e th e r  with i t s  own
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"zero time" c o n t ro l .  O ne-half m i l l i l i t e r  of appropria te  s u b s t r a te  was 
p ipe ted  in to  each tube and placed in an ice  ba th .  Five m i l l i l i t e r s  of 
D ole 's  e x t ra c t io n  m ixture were added to  tubes designated as "zero tim e". 
One-half m i l l i l i t e r  of enzyme e x t r a c t  was then added to  each tube and the 
incubation  was c a r r ie d  out a t  37-38° fo r  1 hour in  a Dubnoff water bath 
shaker s e t  fo r  110 o s c i l l a t i o n s  per minute. The enzyme re a c t io n  was 
stopped by p lac ing  the tubes in  an ice  bath and adding 5 ml. of Dole 's  
e x t ra c t io n  mixture (103). In o rder to  e x t ra c t  the  l ib e r a te d  f a t t y  ac ids,  
the tubes were capped, shaken fo r  1 m in .,  allowed to  stand fo r  10 min. 
and again shaken fo r  o n e -h a lf  minute. A fter 5 m in .,  4 ml. of heptane and 
4 ml. of water were added. The tubes were capped again, in v e r ted  6 times 
and cen tr ifu g ed  a t  755 x g fo r  10 min. to  separa te  the phases . F a t ty  
acids were p re sen t  in  the  upper heptane la y e r .
P a lm itic  acid  s tandards  were prepared fo r  each s e t  of assays.
Two [lEq of p a lm it ic  ac id  d isso lved  in  2 ml. of heptane were p ipe ted  in to  
an incubation  tube . F ive ml. of D ole 's  e x t ra c t io n  mixture ( l0 3 ,  104) were 
added and the  tube was shaken in  the  same manner as described  above. In­
s tead  of subsequently  adding 4 ml. of heptane and water, 2 ml. of heptane 
and 5 ml. of water were added. A standard  blank (zero time) was prepared 
by t r e a t in g  2 ml. of heptane (w ithout p a lm it ic  acid) in  the  same manner. 
Equal a l iq u o ts  were taken from the  heptane phases in each case .  The t i ­
t r a t i o n  values obta ined a t  zero time were sub trac ted  from those  obtained 
a t  1 h r .  and the  d if fe re n c e  rep resen ted  the l ib e ra te d  f a t t y  ac id s .
T i t r a t io n  of F a t ty  Acids
L ip o ly t ic  a c t i v i t y  was evaluated  as the r e le a se  of f re e  f a t t y  
ac ids  from the s u b s t r a te .  The f re e  f a t t y  acids were determined by the
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method of Dole and Meinertz (103, 104). N ile Blue A was s u b s t i tu te d  fo r  
Thymol Blue as in d ic a to r  because the former gave a more e a s i l y  v isu a l ized  
end p o in t .  The t i t r a t i o n s  were made manually with the aid of a microbu­
r e t t e  and micrometer (Microchemical S p e c i a l i t i e s  Co., Berkeley, C a l i f . ) .
For the  bulk of the experiments the automatic t i t r i m e t r i c  proced­
ure described  by Schnatz (105) was employed. Samples were e x t ra c te d  with 
a mixture of isopropanol, heptane and 1 N H2SO4 (40:10:1 , v /v /v )  accord­
ing to  the method of Dole (103). A 3 ml. a l iq u o t  of f ree  f a t t y  acid con­
ta in in g  heptane layer  was placed in a 50 ml. polycarbonate tube used as 
a t i t r a t i n g  v e s s e l .  One ml. Thymol Blue in d ic a to r  ( l03 , 104) and 3 ml. 
isopropanol were added to  produce a s ing le -phase  system (105). Then 
0.015 N NaOH was d e l iv e red  au tom atica lly  to  an end p o in t  reading of pH 
9 .8 .  The automatic t i t r a t i o n  was c a r r ie d  out by means of a Radiometer 
TTT 1 c T i t r a to r ,  0 .5  ml. SBU la  syringe b u re t t e ,  SBR 2c t i t r a g r a p h ,  and 
combined e le c tro d e ,  GK 2021C (London Company, Westlake, Ohio).
In both t i t r a t i o n  procedures a re fe ren c e  standard of pa lm it ic  
acid in  heptane so lu tio n  was used.
D e f in i t io n  of S p ec if ic  A c tiv ity  
The u n i t  of s p e c i f ic  a c t iv i t y  was defined  as the pEq. of f a t t y  
acids re le ased  by 1 mg. of p ro te in  in  1 hour.
Lipoprotein  Lipase Assay 
Determination of l ip o p ro te in  l ip a s e  a c t i v i t y  was performed ac­
cording to  a m odification  of the  procedure described  by Korn (49). Com­
p o s i t io n  of the su b s t ra te  was as fo llows:
8 p a r t s  10^  aqueous s o lu t io n  bovine serum albumin
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1 p a r t  normal r a t  serum 
1 p a r t  Ediol (d i lu te d  with H2O 1:3 v/v)
0.5  p a r ts  1 M (^^4 )2  SO4 
Ing red ien ts  were mixed, p re incubated  fo r  30 min. a t  37° and the  pH ad­
ju s te d  to  8 .5 with ammonium hydroxide.
S ubstra te  (0 .5  m l.)  was incubated with 0 .5  ml. of l i v e r  acetone 
powder e x t ra c t  ( l  gm. powder ex tra c ted  with 7 ml. 0.025 M ammonium hy­
droxide in  the cold fo r  10 m in .) ,  or with 0 .5  ml. of a pos t-h ep ar in  serum 
a t  37-38°. Incubation and t i t r a t i o n  of f a t t y  ac ids  was c a r r ie d  out as 
described  in assay system fo r  t r i g ly c e r id e  l ip a s e .
CHAPTER I I I  
RESULTS
I n i t i a l  O bservations on the Presence of a 
L iver  L ip o ly t ic  A c tiv ity
Meir and Schuler (2) rep o rted  th a t  the  lipemia c le a r in g  e f f e c t  
of b a c t e r ia l  l ip opo lysaccharides  exceeded th a t  of heparin  and p o s tu la ted  
th a t  the lipopo ly saccharides  do not s tim u la te  l ip o p ro te in  l ip a s e  r e le a s e .  
Previous s tu d ie s  in  t h i s  la b o ra to ry  ( l )  showed th a t ,  co n tra ry  to  the r e ­
s u l t s  rep o r ted  by Meir and Schuler, a s in g le  in je c t io n  of l ipopolysaccha­
r id e s  had l i t t l e  or no e f f e c t  on serum t r i g ly c e r id e  co n ce n tra t io n .  How­
ever,  an increased  c le a r in g  of experim entally  induced h y pertr ig lyce ridem ia  
was observed a f t e r  two in je c t io n s  of l ipopo lysaccharides  adm in is te red  a t  
24 hour in t e r v a l s .  In o rder  to  t e s t  the  p o ss ib le  involvement of l ip a s e s  
in the  c le a r in g  process  l i v e r  acetone powders of l ipopo ly sacch a r id e -  
t r e a te d  and co n tro l  animals were assayed fo r  l i p o ly t i c  a c t i v i t y .  I t  was 
in these  experiments th a t  a l i v e r  t r ig ly c e r id e -c le a v in g  a c t i v i t y  was de­
te c te d  fo r  the f i r s t  tim e. Consequently, i t  became necessary  to  e s ta b ­
l i s h  ( l )  the  e f f e c t  of lipopo ly saccharides  on the normally occurring  l i p o ­
ly t i c  a c t i v i t y  and (2 ) i t s  p o ss ib le  id e n t i t y  with the  l ip o p ro te in  l ip a s e .
Lipoprote in  l ip a s e  a c t i v i t y  may be s tim ula ted  by the  adm in is tra ­
t io n  of heparin  (47, 48, 49 ) .  Therefore, the  serum and l i v e r  acetone 
powders from c o n tro l ,  l ipopo lysaccha ride ,  and heparin (7 .5  mg./kg. body
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wt. in je c te d  8 min. before s a c r i f i c e )  t r e a te d  animals were assayed. The 
lipopo lysaccharide  t r e a te d  animals were adm inistered in travenously  10 p.g. 
of lipopo lysaccharide  per  100  g. body wt. on the f i r s t  day and 100 pg. 
per 100 g. body wt. 24 hours l a t e r .  They were s a c r i f i c e d  48 h r s .  a f t e r  
the  i n i t i a l  in je c t io n  and a f t e r  a 17 h r .  f a s t .  The con tro l group of a n i­
mals was a lso  fa s te d  fo r  17 hours.
The r e s u l t s  (Table l )  showed th a t  only in  p os t-heparin  serum was
the re  an e leva ted  l i p o l y t i c  a c t iv i t y  in d ic a t iv e  of c lea r in g  f a c to r  l ip a s e .
A s l i g h t  inc rease  in  l i v e r  l i p o ly t i c  a c t i v i t y  was observed a f t e r  t r e a t ­
ment with l ipopo lysaccharide  but none was seen following the  adm in is tra ­
t io n  of heparin .  These r e s u l t s  v e r i f i e d  the  presence of a l i v e r  l i p o ly t i c  
a c t i v i t y  which seemed to  be d i f f e r e n t  from l ip o p ro te in  l ip a s e ,  and con­
firmed many o the r  re p o r ts  of the  absence of l ip o p ro te in  l ip a se  in  the r a t  
l i v e r  (7 , 34, 39, 49, 62, 63).
The s t a t i s t i c a l  eva lua tion  (Table 2) of a comparative study of 
a la rge  number of l ip o p o ly sa c c h a r id e - tre a te d  and con tro l animals showed 
th a t  l i p o l y t i c  a c t i v i t y  was not increased  in  the  l i v e r  as a r e s ü l t  of 
l ipopo lysaccharide  ad m in is tra t io n .  In t h i s  study, the "standard" enzyme 
s u b s t ra te  using Ediol rep laced  the l ip o p ro te in  l ip a s e  assay system. In 
ad d i t io n ,  a high degree of v a r i a b i l i t y  in the l ip a se  a c t i v i t y  among in ­
d iv idua l enzyme p rep a ra t io n s  was observed, a f ind ing  which may expla in  
e a r l i e r  d isc rep an c ies  about l i v e r  l i p o l y t i c  a c t iv i t y  in the  l i t e r a t u r e .
I s o la t io n  and P u r i f ic a t io n  of the 
Liver L ip o ly t ic  A c tiv ity
Acetone Powder P reparation  
L ip o ly t ic  a c t i v i t y  in  d r ied  acetone powders appeared to  be s ta b le
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TABLE 1
THE EFFECT OF LIPOPOLYSACCHARIDE AND HEPARIN ON THE 
LIPOLYTIC ACTIVITY IN RAT SERUM AND LIVER
Experiment no.
L ip o ly t ic  A c tiv ity
Control LPS t r e a te d Heparin t r e a te d
Serum^ I 0.368 0.479 4.438
Serum^ II 2.177 1.403 10.946
Liver^ I 1.645 1.837 1.399
®Each value i s  the average of 3 experimental determ inations 
c a r r ie d  out using the l ip o p ro te in  l ip a s e  assay system.
^L ipo ly tic  a c t i v i t y  i s  expressed as pEq. of f a t t y  acids re leased  
per 0 .3  ml. of serum/l20 min.
^L ipo ly tic  a c t i v i t y  i s  expressed as |xEq. of f a t t y  acids re leased  
per 70 mg. of acetone powder/l20 min.
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TABLE 2
THE EFFECT OF LIPOPOLYSACCHARIDE ON THE LIVER LIPOLYTIC ACTIVITY
S pec if ic  A c tiv i ty
Treatment No. animals
Mean Standard
(Range) e r ro r
L ipopolysaccharide t r e a te d  37 0.683 + 0.049
(0.168-1.416)
Control 45 0.781 + 0.040
(0.247-1.524)
^ Spec if ic  a c t i v i t y  i s  expressed as pEq. f a t t y  acids re le a s e d  per 
mg. p ro te in /h o u r .
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in d e f in i t e ly  when s to red  a t  -40°. Powders which had been s to red  fo r  2 
years s t i l l  r e ta in e d  l i p o l y t i c  a c t iv i t y .
E x t ra c ts  with l i p o l y t i c  a c t i v i t y  could be made from acetone pow­
ders  by a v a r i e ty  of b u f fe r s ,  0.025 N ammonia so lu t io n ,  0 .25 M sucrose , 
or d i s t i l l e d  w ater. In most in s ta n c e s ,  the  s p e c i f ic  a c t i v i t y  of acetone 
powders was s l i g h t l y  g r e a te r  than th a t  of corresponding whole homogenates 
(Table 3, groups I and I I ) .  A c t iv i ty  toward various t r i g ly c e r i d e  sub­
s t r a t e s ,  as well as methyl b u ty ra te  (Table 3 ) ,  appeared to  be re ta in e d  in 
acetone powder p r e p a ra t io n s . -  On the  o th e r  hand, i t  was no t apparent from 
these  experiments to  what e x te n t  l i p o l y t i c  a c t i v i t y  toward a p a r t i c u l a r  
s u b s t r a te  might be a f fe c te d  by the  acetone trea tm en t.
Butanol-Water I n t e r f a c i a l  P repara tion  
Two procedures were used to  ob ta in  bu tano l-w ater i n t e r f a c i a l  
p re p a ra t io n s ,  one of which u t i l i z e d  homogenates and the  o th e r  e x t r a c t s  
of acetone powders as s t a r t i n g  m a te r ia ls .  In a l l  t r i g l y c e r i d e  su b s t ra te  
ev a lu a tio n s ,  as shown in  Table 3, the bu tano l-w ater i n t e r f a c i a l  p repara ­
t io n  (BIPH) obta ined d i r e c t l y  from l i v e r  homogenates was more a c t iv e .
O ccasiona lly  (Table 3, water phase) ,  i t  was noted t h a t  a minor 
p o r t io n  of the l ip a se  a c t i v i t y  was not t o t a l l y  adsorbed onto the  i n t e r ­
face and s t i l l  re s id ed  p a r t i a l l y  in  the water phase. An a l t e r n a t e  ex­
p lan a tio n  could be th a t  i t  may have been adsorbed, but was then r e -e x '- , 
t r a c te d  in to  the  water phase during sepa ra t ion  of the  phases .  The enzyme 
which ca ta lyzed  the  hy d ro ly s is  of methyl bu ty ra te  was o f ten  s h i f te d  in to  
the water phase. This procedure should be considered as a p o ss ib le  means 
fo r  sepa ra t ing  e s t e r o l y t i c  a c t i v i t y .
Each of the  th re e  enzyme p rep a ra t io n s  shown in  t h i s  study (Table
TABLE 3
COMPARISON OF LIPOLYTIC ACTIVITIES OF VARIOUS ENZYME PREPARATIONS
Specific Activity
Preparation Group No.^ Mg. protein Tributyrin
1% Methyl 
butyrate Ediol
Olive
oil
Lipoprotein 
lipase 
assay system
Fresh homogenate I 31.1 0.60 0.25 0.08 0.03 0.04
II 8.4 0 0.23 0.35 , 0.06 0.17
III 15.9 1.14 0.34 0.18 0.03 0.10
Acetone powder I 8.0 2.36 0.74 0.14 0.08 0.10
II 12.6 1.40 0.19 0.27 0.08 0.13
III 24.2 0.82 0.31 0.12 0.03 0.12
BIPA I 2.4 2.05 0 0.33 0.09 0.14
II 2.4 3.50 0 0.80 0.06 0.08
III 1.5 2.30 0.28 0.76 0 0.69
BIPH I 0.88 4.41 1.23 0.82 1.00 0.40
II 0.37 6.50 0.13 6.20 1.10 4.30
III 1.96 4.90 0.38 2.60 1.60 0.87
Water phase BIPA I 0.64 0 2.30 0 0.10 0.33
II 0.92 0.18 0.05 0.23 0 0.16
III 1.23 0 0.61 0 0 0
Water phase BIPH I 0.34 0 3.80 0 0.50 0.80
II 0.81 0.02 0.58 0 0 0.17
III 1.16 0.22 0.78 0 0 0
&
^Each group represents a pool of the livers from four animals.
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3) was obtained by pooling f re sh  l i v e r s  from four animals. Therefore, 
the  su b s tra te  s p e c i f i c i t y  noted fo r  a group rep resen ted  a composite of 
four a c t i v i t i e s .  Under the sp ec if ied  assay conditions  (0 .1  M phosphate 
b u f fe r ,  pH 7 .2 ) ,  a l l  th ree  p rep a ra t io n s  showed an apparent su b s t ra te  spec­
i f i c i t y  fo r  t r i b u ty r in .  The degree of a c t i v i t y  toward t h i s ,  a s  well as 
o the r  s u b s t r a te s ,  varied  with the p re p a ra t io n .
The v a r i a b i l i t y  of a c t iv i t y  fo r  d i f f e r e n t  su b s t ra te s  was observed 
a lso  in the examples p resented  in  Table 4. One of the randomly-selected 
BIPH samples showed a p r e f e r e n t i a l  a c t i v i t y  toward the sh o r t-ch a in  t r i ­
g lycer ides  and the o the r  toward the  long-chain  t r i g ly c e r id e s .  The BIPA 
sample, which disp layed  a high o live  o i l  a c t i v i t y ,  was obtained by se le c ­
t i v e ly  assaying a number of p rep a ra t io n s .
Column F rac t io n a t io n s  
I n i t i a l  observations  ind ica ted  t h a t  g e l - f i l t r a t i o n  might be a 
usefu l to o l  with which to  a t t a in  a p u r i f i c a t io n  of the l i p a s e .  F igure 1 
i l l u s t r a t e s  the r e s u l t s  of a p re lim inary  experiment using Sephadex g e l-  
f i l t r a t i o n .  R e la t iv e ly  la rge  f r a c t io n s  (20-30 m l.)  were c o l le c te d ,  con­
cen tra ted  by d ia ly s i s  ag a in s t  dex tran , and assayed fo r  a c t i v i t y  using 
Ediol as s u b s t ra te .  F rac tion  6 contained the  major p o r t io n  of the p ro­
te in  and F rac tion  11 showed the h ighest enzyme a c t iv i t y .  This l a t t e r  
peak rep resen ted  a 6 - fo ld  inc rease  in  a c t i v i t y  above th a t  of the  BIPA ap­
p l ie d  to  the column.
The e lu t io n  p a t te rn  from a Sephadex G-75 column i s  shown in F ig ­
ure 2. I t  was rep roducib le  when BIPH was used as the enzyme p rep a ra t io n  
and assaying with t r i b u ty r in  as s u b s t r a te .  F rac tions  were c o l le c te d  as
4 .5  ml. a l iq u o ts .  In t h i s  example, of the  136 mg. of p ro te in  applied  to
TABLE 4
COMPARISON OF LIPOLYTIC ACTIVITIES OF INDIVIDUAL ENZYME PREPARATIONS
Preparation Mg. protein
Specific Activity
Tributyrin 1% Methyl 
butyrate Ediol
Olive
oil Tricaprylin Monoolein
BIPH® 1.6 7.2 5.9 0 0 0.7 3.8
BIPH® 0.7 0.6 0.9 1.1 2.3 2.3 2.5
BIPA^ 1.4 1.8 2.7 1.2 6.2 6.8 0.2
®BIPH represents a random selection.
^BIPA represents a selected preparation highly active upon olive oil as substrate.
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Figure 1. F ra c t io n a t io n  of BIPA on Sephadex G-75.
The column was 40 cm. in  length  and e lu t io n  was done with 0.1 M. 
phosphate b u f fe r  (pH 7 .2 ) .  Assay was w ith  Ediol s u b s t r a te .  F rac tions  
were 15-20 ml. volume. Total l ip a s e  a c t i v i t y  i s  defined  as |xEq. f a t t y  
acids re le a sed  in  one hour. Dotted l in e  in d ic a te s  l ip a se  a c t i v i t y  and 
so l id  l in e  in d ic a te s  p ro te in .
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Figure 2. F rac t io n a t io n  of BIPH on Sephadex G-75.
The column was 40 cm. in  leng th . E lu tion  was w ith 0.1 M phos­
phate b u ffe r  (pH 7 .2 ) .  Assay was with t r i b u ty r in  s u b s t r a te .  F rac tions  
were 4 .5  ml. volume. Total l ip a se  a c t i v i t y  i s  defined as pEq. f a t t y  ; 
acids re le a sed  in  one hour.
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the  column, 98% was recovered in  the e lu te d  f r a c t io n s .  The h ig h e s t  spec­
i f i c  a c t i v i t y  observed was 10.3, approximately a 4 - fo ld  inc rease  over 
BIPH. Peak a c t i v i t y  corresponded to  peak p ro te in  concen tra t ion .
Using a 100 cm. column of Sephadex G-150, l ip a se  a c t i v i t y  (eva l­
uated with t r i b u ty r in  as su b s t ra te )  was c o n s i s te n t ly  found as a sharp 
peak in the  area  of the  60th f r a c t io n  (Figure 3 ) .  This f r a c t io n a t io n  p ro ­
cedure separa ted  the  p ro te in  (recovery 123%) in to  two peaks e lu te d  between 
f r a c t io n s  20 and 80. F rac tio n s  were again c o l le c te d  as 4 .5  ml. a l iq u o ts .  
The h ighes t  s p e c i f ic  a c t i v i t y ,  a sharp area  in  the  broader p ro te in  peak, 
was 14.7 . The s p e c i f ic  a c t i v i t y  of the  m a te r ia l  app lied  to  the column (a 
sucrose e x t r a c t  of BIPH) was 2 .4 .
D i f f i c u l t i e s  encountered in  a ttem pts to  f r a c t io n a te  whole l i v e r  
homogenates by g e l - f i l t r a t i o n  ind ica ted  the  im p ra c t i c a l i ty  of such an ap­
proach. Some e lu ted  f r a c t io n s  were very dense and caused the  f r a c t io n  
c o l le c to r  to  operate  im properly. Furthermore, in s te ad  of a c l e a r  separa­
t io n ,  the  a c t i v i t y  was spread throughout many f r a c t io n s .
DEAE-Cellulose. Attempts a t  f r a c t io n a t io n  of l i p o l y t i c  a c t iv ­
i t i e s  by e lu t io n  from DEAE-Cellulose columns with b u f fe rs  of inc reas ing  
ion ic  s tren g th  were unsuccessfu l.  A p ro te in  p r e c i p i t a t e  was formed in 
b u ffe r  of low ion ic  s t re n g th .  I t  e i th e r  d id  not re d is s o lv e  and pass 
through the column or i t  was bound, p o ss ib ly  i r r e v e r s i b ly ,  to  the  c e l lu ­
lo se .
Ammonium S u lfa te  F ra c t io n a t io n  
Ammonium s u l f a t e  p r e c ip i ta t io n  r e s u l t e d  in  a s l i g h t  inc rease  in 
the a c t i v i t y  of c e r t a in  f r a c t io n s  (Tables 5 and 6 ) .  Although no c le a r  
separa tion  of the  a c t i v i t i e s  d isp layed  toward various  s u b s t r a te s  was ob-
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Figure  3. F ra c t io n a t io n  of BIPH on Sephadex G-150.
The column was 80 cm. in  leng th . E lu tion  was with 0 .1 M phos­
phate  b u f fe r  (pH 6 . 8 ).  Assay was ag a in s t  t r i b u ty r in  s u b s t r a te .  F rac­
t io n s  were 4 .5  ml. volume. Total l ip a s e  a c t i v i t y  i s  defined as pEq. 
f a t t y  ac ids  re le a se d  in  one hour.
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TABLE 5
LIPOLYTIC ACTIVITIES OF PRECIPITATES FROM AMMONIUM 
SULFATE FRACTIONATION OF BIPHa
F rac tio n s Mg. p ro te in
Spec if ic  A ctiv ity
T ribu ty r in 1* Methyl 
Butyrate
Ediol Oliveo i l
U nfractionated 3.7 1 .6 6 .8 0.4 0
0-25* 2.7 0 0.9 0.3 0
25-40* 1 .2 0 .2 0 .6 1.4 0
40-50* 1.5 2 .0 14.2 0 .2 0
50-100* 4 .4 5.7 5.9 0.9 0 .2
^BIPH re p re se n ts  a random s e le c t io n .
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TABLE 6
LIPOLYTIC ACTIVITIES OF PRECIPITATES FROM AMMONIUM 
SULFATE FRACTIONATION OF BIPH^
F rac tio n s Mg. p ro te in
S pec if ic  A c tiv ity
T ribu ty r in 1% Methyl Butyrate Ediol
U nfractionated 0.62 6 .5 10.5 1.4
0-40% 1.70 1 .2 3.4 0.3
40-45% 0 .0 2 2 1 .0 180.0 0
45-50% 1 .1 2 1 .6 6 .1 0.3
50-55% 1 .1 2 3 .0 6 .1 1.7
55-60% 1.03 12 .1 6 .8 1 .0
60-75% 2.03 5 .0 3.2 0.5
75-100% 0 .6 0 .5 6 .2 0
'BIPH re p re se n ts  a random s e le c t io n .
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served, i t  appeared advantageous to  e l im ina te  p ro te in  p r e c ip i ta te d  by 25% 
s a tu ra t io n .  This f r a c t io n  was almost f ree  of l ip a s e  a c t i v i t y .
C h a ra c te r iz a t io n  of Lipase A c t iv i t i e s  
Using Liver Butanol ï n t e r f a c i a l  
P repara tions
C h a rac te r iz a t io n  s tu d ie s  were done using butanol-?water i n t e r f a ­
c i a l  p re p a ra t io n s .  These m a te r ia ls  were used r a th e r  than the  more p u r i ­
f ie d  f r a c t io n s  from the Sephadex columns because only small q u a n t i t i e s  of 
the l a t t e r  m a te r ia l  were o b ta in ab le .  By using the more r e a d i ly  a v a i la b le  
butanol-w ater i n t e r f a c i a l  p rep a ra t io n s  i t  was p o ss ib le  to  study a la rge  
number of s u b s t r a te s ,  in h i b i to r s ,  pH le v e l s ,  or o the r  parameters w ith the  
same enzyme source. Thus, i t  was f e a s ib le  to  i l l u s t r a t e  a v a r ie ty  of 
l i p o l y t i c  a c t i v i t i e s  w ith a s in g le  p rep a ra t io n .
Numerous l i v e r  acetone powders were prepared and were then as­
sayed using o l iv e  o i l  as s u b s t r a te .  Acetone powders having a r e l a t i v e l y  
high a c t i v i t y  toward the  long-chain  t r i g ly c e r id e s  were pooled and fu r th e r  
f ra c t io n a te d  in to  butanol-w ater i n t e r f a c i a l  p rep a ra t io n s  (BIPA). Several 
p rep a ra t io n s  were made d i r e c t l y  from l i v e r  homogenates (BIPH) to  re p re se n t  
a random s e le c t io n  of long-chain  or sh o r t-ch a in  t r i g ly c e r id e  a c t i v i t y .
In add i tion  to  these  two types of p rep a ra t io n s  which were used fo r  the  
major p a r t  of the s tu d ie s ,  p re l im in a ry  observa tions  had been made using 
e i th e r  whole homogenates or acetone powders as enzyme sources.
pH and Buffer S tudies
I n i t i a l  s tu d ie s  using crude acetone powders as the enzyme source 
and Ediol as su b s t ra te  had revea led  a t  l e a s t  two pH-optima fo r  l i p o l y t i c  
a c t iv i t y .  F u rther  s tu d ie s  in d ica ted  th a t  these  pH optima were c o r re la te d
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with a su b s t ra te  p re fe rence .  The pH curves obtained by using th ree  d i f ­
f e re n t  s u b s t ra te s  in d ica te d  th re e  peak areas of a c t i v i t y  (Figure 4 ) ,  The 
a c t i v i t y  a t  pH 8 appeared to  p r e f e r  long-chain t r i g ly c e r id e s  with maximal 
a c t i v i t y  d isp layed  ag a in s t  o l iv e  o i l  and th e re  was l i t t l e  or no a c t iv i t y  
ag a in s t  the  sh o r t-ch a in  t r i g ly c e r i d e s .  The optimum a t  pH 7 was d isplayed 
p r e f e r e n t i a l l y  toward medium-chain t r ig ly c e r id e s  ( t r i c a p r y l i n  a t  pH 6 . 8 , 
sp e c i f ic  a c t i v i t y  25). In ad d i t io n ,  some a c t iv i t y  was observed toward 
t r i b u ty r in  and o liv e  o i l .  A sm aller a c t iv i t y  peak with a l l  th ree  sub­
s t r a t e s  was noted in  the  acid  range (pH 5 .5 ) .
Comparison of T ris  and phosphate b u f f e r s . In o rder to  compare 
the r e l a t i v e  e f fe c t iv e n e ss  of bu ffe r ing  with Tris  or phosphate b u f fe rs ,  
s u b s t r a te s  and the  enzyme sources were prepared using the  appropria te  
analogous b u f fe r  system.
I t  was observed (Table 7) th a t  phosphate b u ffe r  served as the 
p r e f e r e n t i a l  bu ffe r ing  system with a l l  s u b s t ra te s  except o l iv e  o i l .  In 
th a t  case the  a c t i v i t y  observed was small. However, T r is  appeared to  be 
the more adequate b u f fe r .  Therefore, T ris  b u f fe r  should be considered 
fo r  use in  experiments designed to  t e s t  the  p o ss ib le  s p e c i f i c i t y  of an 
enzyme p re p a ra t io n  fo r  o l iv e  o i l  as s u b s t r a te .
Glvcvl q lvc ine  and phosphate b u ffe r  comparison. Two enzyme prep­
a ra t io n s  and th re e  s u b s t r a te s  prepared in  the  app rop ria te  b u ffe r  systems 
were compared. The r e s u l t s  of t h i s  study (Table 8 ) revea led  th a t  glycyl 
glycine was a su p er io r  b u ffe r ing  system fo r  measuring a c t i v i t i e s  aga in s t 
t r i b u t y r i n  and t r i c a p r y l i n .  I t  was noted, however, t h a t  a t  pH 8 .5  a c t iv ­
i t y  toward t r i c a p r y l i n  was suppressed. Glycyl g lyc ine  was in h ib i to ry  t o ­
ward o l iv e  o i l  a c t i v i t y  throughout the pH range with BIPA. When glycyl
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Figure 4. pH a c t i v i t y  curves obtained by using 0.1  M a c e ta te  
(pH 5 .2 -6 .0 )  or phosphate (pH 6 . 5 - 8 .8 ) b u f fe r .
The enzyme source was BIPA.
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TABLE 7
COMPARISON OF ACTIVITIES USING TRIS 
AND PHOSPHATE BUFFERS
Buffer system Enzyme^
S pec ific  A ctiv ity
source
T ribu ty r in 1^ Methyl Butyrate Ediol Olive o i l
dH 7.2
0.1 M Tris 1 3.2 1.4 0 . 2 0
2 6 .0 2.4 1 .1 3.0
3 5.6 2.4 0.3 0
0.1 M PO4 1 9.5 3.7 6 .6 0
2 10.1 2.5 1 .0 1 .0
3 1 2 .8 3.7 0 .5 0
dH 8.0
0.1 M Tris 1 0.5 1.3 0 . 2 0 .2
2 . 0 .5 1 .0 1 .0 3.6
3 0 .5 2.9 0 0
0.1 M PO4 1 2.9 2.5 3.0 0
2 4.9 - - -
3 3.1 2.7 0 .3 0
BIPH.
The enzyme sources were th re e  ind iv idua l random s e le c t io n s  of
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TABLE 8
COMPARISON OF SPECIFIC ACTIVITIES USING GLYCYL GLYCINE 
AND PHOSPHATE BUFFERS
S ubstra te S pec if ic  A c tiv ity
Giycyi g lyc ine Phosphate
BIPH BIPA BIPH BIPA
T ribu ty r in
pH 7 .0 12 .2  « »  7.9 2 . 2 »  1 .2
7.5 5.5 5.1 7.5<< 0.5
8 .0 7 .0  < 4 .3 1 .2 »  1 .0
8.5 3.9 1 .0 2 . 8< 0 .1
T ricao rv lin
pH 7 .0 4 .8  << 7.0 4 . 9 « »  7 .5
7 .5 3.9 » 2 6 .5 2 .3 2 .0
8 .0 2 .6 > 2 5 .2 1.3 > 5.7
8.5 0 0 .1 3.0 0 .6
Olive o i l
pH 7 .0 , 1 .4  « »  8 .0 2 . 8 « »  1 2 .0
7 .5 0.9 5.7 0.7 8.3
8 . 0 0.9 »  7.6 1 .1 > 10.5
8.5 0 .6 2 .8 2 . 2 « 8.7
»  in d ic a te s  peak a c t i v i t y .
> in d ic a te s  secondary peak a c t i v i t y .
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g lyc ine  was used, the a c t i v i t y  was never h igher than the  lowest a c t i v i t y  
noted when phosphate was the  b u ffe r ing  system.
Time Curve
With both t r i b u t y r i n  and t r i c a p r y l in  as s u b s t r a te s ,  the  e a r ly  r e ­
ac t ion  r a t e s  were s im i la r  (F igure 5 ) .  However, a f t e r  the  f i r s t  25 min­
u tes  the  hydro lys is  of t r i c a p r y l i n  appeared to  be a c c e le ra te d .  The hy­
d ro ly s is  r a t e  of o l ive  o i l  was nea r ly  l in e a r  throughout the  120 min. incu­
bation  per iod .
This study showed the  s e le c t io n  of 60 min. as time p o in t  fo r  com­
paring  the  a c t i v i t i e s  to  be adequate in  the  following re s p e c t s :  a t  t h i s
p o in t  the  re a c t io n  r a t e  was n e i th e r  apprec iab ly  slowed nor unusually  ac­
c e le ra te d  fo r  any of th e  s u b s t r a te s ,  and s u f f i c i e n t  product had been form­
ed to  make eva lua tion  r e l i a b l e .  However, i t  should be noted t h a t  the ap­
pa ren t  a c t i v i t y  under th e se  assay conditions  a t  60 min. was not necessa r­
i l y  in d ic a t iv e  of the comparative i n i t i a l  v e lo c i t i e s  of the  r e a c t io n s .
Enzyme Concentration
The c la s s i c a l  concept of a l in e a r  r e la t io n s h ip  between the  en­
zyme concen tra tion  and r a t e  of l i p o ly s i s  was demonstrated in  a study, the
r e s u l t s  of which are shown in  Figure 6 . However, t h a t  t h i s  r e la t io n s h ip  
var ied  with each enzyme p rep a ra t io n  as well as w ith the  type of su b s t ra te  
assayed was shown in another study (Figure 7), To obta in  the  enzyme 
p re p a ra t io n s ,  approximately 3 g. of BIPA were ex tra c ted  with 7 .5  ml. buf­
f e r .  D ilu t io n s  were made by the add ition  of b u f fe r .  The p ro te in  concen­
t r a t i o n  of each d i lu t io n  was determined. From the  observation  th a t  in ­
crea s ing  the p ro te in  co n cen tra t io n  beyond a p o in t  caused a decreased ac-
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Figure 5. R ela tionsh ip  of the f a t t y  acids re leased  from various 
su b s t ra te s  as a function  of time.
The b u ffe r  system was 0.1 M phosphate (pH 7 .2 ) .  BIPA (.51 mg. 
p ro te in /a s say )  was used as the enzyme source. S pec ific  a c t iv i t y  in  t h i s  
case is  defined as pEq. f a t t y  acids re leased  per  mg. p ro te in .
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Figure 6 . F a t ty  ac ids  re leased  from o live  o i l  su b s t ra te  as a 
function  of the  p ro te in  concen tra tion  of enzyme p rep a ra t io n .
BIPA was the enzyme source. The b u ffe r  system was 0.1 M phos­
phate (pH 7 .2 ) .
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Figure 7. F a t ty  acids  re leased  from various s u b s t r a te s  as a 
function  of p ro te in  co ncen tra tion  of the enzyme p rep a ra t io n .
Incubation was c a r r ie d  out fo r  1 h r .  with BIPA as enzyme source. 
The b u ffe r  system was 0.1  M phosphate (pH 7 .2 ) .  S pec if ic  a c t i v i t y  in  t h i s  
case i s  defined  as the  fiEq. of f a t t y  acids re leased  in  1 hour.
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t i v i t y  with some s u b s t r a te s ,  i t  was concluded th a t  the p ro te in  concentra­
t io n  may e f f e c t  the s p e c i f ic  a c t i v i t y  in a n o n -l inea r  manner. Neverthe­
le s s ,  th e re  were p ro te in  concen tra tions  a t  which a l l  a c t i v i t i e s  could be 
demonstrated (from .7 -1 .7  mg.). The curve obtained with Ediol (Figure 7) 
showed the  expected l in e a r  r e la t io n s h ip  between the enzyme p ro te in  con­
ce n t ra t io n  and r a t e  of l i p o l y s i s .  The curves fo r  methyl b u ty ra te ,  t r i ­
cap ry l in ,  and o liv e  o i l  reached a p o in t  beyond which fu r th e r  inc reases  
of p ro te in  reduced the  a c t i v i t y .  The r a te  of methyl b u ty ra te  hydro lysis  
was very high when only small amounts of enzyme p ro te in  were p re se n t .
This could have been the  fa c to r  which made the sp e c if ic  a c t i v i t y  of the 
40-50/é ammonium s u l f a te  f r a c t io n  in Table 6 appear d isp ro p o r t io n a te ly  
high.
S ubs tra te  S tudies 
S ubs tra te  s p e c i f i c i t i e s . Substra te  p rep a ra t io n s  used fo r  these  
s p e c i f i c i t y  s tu d ie s  d isp layed  a r a th e r  uniform appearance. With the ex­
ception of p a lm it ic  acid  g ly c e r id e s ,  the emulsions were s ta b le  fo r  severa l 
days. T r i - ,  d i - ,  and mono- pa lm itin  contain ing  emulsions appeared to  be 
s ta b le  during the  assays , but separated upon stand ing . With the  exception 
of Ediol and o liv e  o i l  which were used as ou tl ined  in  the "standard" as­
say, the  concen tra tion  of each su b s t ra te  corresponded to  40 pfq. of es-  
t e r i f i e d  f a t t y  ac id s .  Three d i f f e r e n t  enzyme p rep a ra t io n s  were used.
Thus, th e re  were th ree  p o ss ib le  su b s t ra te  p re fe ren ces .  From the  r e s u l t s  
presen ted  in  Table 9 i t  w i l l  be seen th a t  BIPH-1 a ttacked  p r e f e r e n t i a l l y  
sh o r t-ch a in  t r i g ly c e r id e s  ( t r i b u ty r in ,  s p e c if ic  a c t iv i t y  7 .2 ) .  The hy­
d ro ly s is  of long-chain t r i g ly c e r id e  was e i th e r  very s l i g h t  or v i r t u a l l y  
absen t.  The u t i l i z a t i o n  of monoolein ind ica ted  the p o ss ib le  presence of
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TABLE 9
SUBSBATE SPECIFICITIES
Substra te S p ec if ic  A c tiv i ty
BIPH-1 BIPH-2 BIPA
Methyl Butyrate
1 .6  mg. 
p ro te in /a s sa y
5.9
0.7 mg. 
p ro te in /a s s a y
0.9
1 .4  mg. 
p ro te in /a s s a y
2.7
Methyl S tea ra te - 0 .6 0 .5
Monoolein 3.8 2 .5 0 . 2
Monopalmitin - 2 .0 0.9
D ipalmitin 0 - 0 .2
T ribu ty r in 7 .2 0 .6 1 .8
Tricapro in 2 .8 1 .8 9.5
T ricap ry lin 0.7 2 .3 6 .8
T r i la u r in 0 2 .1 2 .4
T rim yris tin • 0 .2 2.9 4 .9
T ripa lm itin 0 0 .5 0
T rio le in - 0.9 2 .2
Ediol 0 1 .1 1 .2
Olive o i l 0 2.3 6 . 2
^Phosphate b u f fe r  (pH 7 .2 )  was used fo r  t h i s  study.
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a monoglyceride l ip a s e .  The sp e c if ic  a c t i v i t y  obtained with 1^  methyl 
bu ty ra te  as su b s tra te  could be explained  by p o s tu la t in g  e i t h e r  the  p re s ­
ence of an e s te ra s e  or the a b i l i t y  of l ip a s e  to  s p l i t  e s t e r s .  BIPH-2 
(Table 9) was ac t iv e  p r im a r i ly  on the medium-chain t r i g ly c e r id e s  and 
showed l i t t l e  a c t i v i t y  toward t r i b u t y r i n  or e s t e r s .  This medium-chain 
t r ig ly c e r id a s e  was a lso  a c t iv e  on long-chain  t r i g ly c e r id e s  and monoolein. 
BIPA (Table 9) was equa l ly  a c t iv e  toward both medium-chain t r i g ly c e r id e s  
( t r i c a p r o in ,  s p e c if ic  a c t i v i t y  9 .5  and t r i c a p r y l i n ,  s p e c if ic  a c t i v i t y  6 . 8 ) 
and long-chain t r i g ly c e r id e s  (o liv e  o i l ,  s p e c i f ic  a c t iv i t y  6 .2 ) .  A ctiv­
i t y  on monoglyceride was low in c o n t ra s t  to  the  high a c t iv i t y  seen with 
BIPH-1 and BIPH-2.
The enzyme p ro te in  ac t iv e  toward o live  o i l  was p re sen t  p r im ar i ly  
in  the  f r a c t io n  obtained as a p r e c i p i t a t e  from 50^ ammonium s u l f a t e  s a tu ­
r a t i o n .  This observation  was made in a study of the s u b s t r a te  s p e c i f i c ­
i t i e s  of ammonium s u l f a t e  p r e c i p i t a t e s  (Table 10). This p r e c ip i t a t io n  
increased  the  s p e c if ic  a c t i v i t y  in  a l l  cases .  Various l i p o l y t i c  a c t i v i ­
t i e s  were not a f fec ted  q u a n t i ta t iv e ly  to  the same e x te n t  by a given p re ­
c i p i t a t i o n .  T r icap ry lin  a c t i v i t y ,  fo r  example, was s t i l l  very  high in 
the  75% p r e c i p i t a t e ,  while t r i c a p r o in  a c t i v i t y  which had i n i t i a l l y  been 
q u ite  high was markedly diminished in  the  same f r a c t io n .  I f  only one p ro ­
te in  were re sp o n s ib le  fo r  a l l  of the l i p o l y t i c  a c t i v i t i e s ,  i t  would seem 
reasonable  to  have expected a l l  a c t i v i t i e s  to  have been a f fe c te d  propor­
t i o n a te ly  by the p r e c ip i t a t io n .
S ubs tra te  c o n c e n tra t io n . Methyl b u ty ra te  can e x i s t  e i t h e r  in a 
t r u e ,  molecular so lu tio n  (low co n cen tra t io n s)  or in .a su p e rsa tu ra ted  so­
lu t io n  (high co n c e n tra t io n s ) .  I t  could thus be used as s u b s t ra te  fo r
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TABLE 10
SUBSTRATE SPECIFICITIES® OF ENZYME FRACTIONS 
OBTAINED BY AMMONIUM SULFATE 
FRACTIONATION OF BIPA
Substra te
S p ec if ic  a c t iv i t y  of f r a c t io n s
U nfractionated 0-50% 50-60% 60-75%
Methyl Butyrate 3.7 11 .2 3.5 5.6
T ribu ty r in 0.7 7.0 1.7 0 .6
Tricaproin 6 .2 26.0 2 0 .0 4 .8
T ricap ry lin 10.9 31.6 16.2 2 1 .0
T r i la u r in 2 .8 6 .1 1 .8 2 .1
T rim yris tin 2 .1 9.7 5.0 5.0
T r io le in 2.9 7 .0 2.9 1.9
Olive o i l 4 .2 11.5 1 .2 0.5
^Phosphate b u ffe r  (pH 7 .2 )  was used fo r  t h i s  study.
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e i th e r  e s te ra s e  or l ip a s e .  With acetone powder, both a c t i v i t i e s  were 
noted (Figure 8 ) when evaluated with inc reas ing  concen tra tions  of sub­
s t r a t e .  As expected, e s te ra s e  was ac t iv e  a t  low su b s t ra te  concen tra tions .  
With inc reas ing  concen tra tions  of methyl b u ty ra te  the e s t e r o ly t i c  a c t iv ­
i t y  decreased u n t i l  the sa tu ra t io n  po in t was reached and l ip a se  a c t iv i t y  
appeared.
The e f f e c t  of su b s tra te  concen tra tion  on the  r a t e  of hydro lys is  
of various  su b s t ra te s  i s  shown in  Figure 9. With t r i b u ty r in  and t r i c a p r y ­
l i n  a lag  in  the increase  of a c t iv i t y  was observed between su b s t ra te  con­
c e n t ra t io n s  from 10 to  20 pEq. of e s t e r i f i e d  f a t t y  ac id s .  A reasonable 
appearing curve was obtained using o l iv e  o i l .  By comparison with a c l a s ­
s ic a l  enzyme system, an abnormal slowing of the  v e lo c i ty  with increasing  
su b s t ra te  was in d ica te d .
S tudies on the e f f e c t  of a d d i t iv e s . A pre lim inary  study on the 
e f f e c t  of ad d i t iv e s  was ca r r ie d  out in  order to  t e s t  the  suggestion th a t  
albumin (as f a t t y  acid acceptor) would inc rease  l ip a s e  a c t iv i t y .  Sodium 
desoxycholate was a lso  s tudied  in  view of i t s  known e f f e c t  upon pancrea tic  
l ip a s e .  For t h i s  purpose, the a l t e r a t io n s  were made with a "standard" 
Ediol su b s t ra te  by adding e i th e r  albumin or rep lac in g  the desoxycholate 
so lu tio n  with a corresponding p o r t io n  of b u f fe r .  The r e s u l t s  of t h i s  ex­
periment are  p resented  in  Figure 10. The l i p o l y t i c  a c t i v i t y  increased 
severa l fo ld  in the  presence of sodium desoxycholate. The presence of 
albumin as the so le  a d d i t iv e  caused an in h ib i t io n  of a c t iv i t y .
The advantage of incorpora ting  sodium desoxycholate in to  the 
long-chain  t r ig ly c e r id e  su b s tra te  was a lso  demonstrated again in  a com­
prehensive study of the e f f e c t  of ad d i t iv e s  upon o liv e  o i l  and t r i b u ty r in
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% C O N C E N T R A T I O N  M E T H Y L  B U T Y R A T E
Figure 8 . 
r a t e  s u b s t r a te .
E ffe c t  of increasing  concen tra tions  of methyl buty-
E s te ro ly t ic  a c t i v i t y  i s  noted toward unsa tura ted  concen tra tions  
and l ip a se  a c t iv i t y  i s  observed a f t e r  the s u b s t r a te  becomes sa tu ra te d .  
The enzyme source was acetone powder. The b u ffe r  system was 0.1 M phos­
phate (pH 7 .2 ) .
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Figure 9. E f fe c t  of inc reas ing  concen tra tions  of s u b s t r a te .
The enzyme source was BIPA (0.96 mg. p ro te in /a s s a y ) .  The b u ffe r  
system was 0 .1  M phosphate (pH 7 .2 ) .
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F igure 10. E f fe c t  of desoxycholate and albumin on l i p o l y t i c  ac-
The incubation  mixture contained 1 p a r t  acetone powder enzyme 
p re p a ra t io n ,  1 p a r t  Ediol ( l : 3  by v o l . ) ,  7 p a r t s  0.1 M phosphate b u f fe r  
(pH 7 .2 )  and one of the  fo llow ing: A, 1 p a r t  4% sodium desoxycholate; B,
1 p a r t  4^ sodium desoxycholate and d e fa t te d  albumin to  a f in a l  concentra­
t i o n  10^; C, 1 p a r t  phosphate b u f fe r ,  and D, 1 p a r t  phosphate b u f fe r  and 
d e fa t te d  albumin to  a f i n a l  co ncen tra tion  of 10^. S pec if ic  a c t i v i t y  in 
t h i s  case i s  defined  as pEq. f a t t y  ac ids  re le a sed  per mg. p ro te in .
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s u b s tra te s  (Table 11). The add itions  were made in  q u a n t i t ie s  s u f f i c i e n t  
to  give the ind ica ted  f in a l  co ncen tra tions .  The a c t iv i t y  toward o live  
o i l  was increased almost two-fold by the ad d i t io n  of desoxycholate. Ap­
p a re n t ly ,  the concen tra tion  was not c r i t i c a l .  The a c t i v i t y  toward t r i ­
bu tyrin  was not enhanced by th i s  ad d i t io n .  The presence of albumin as 
the so le  add i t ive  s trong ly  in h ib i te d  the  o liv e  o i l  a c t i v i t y  (Table l l ) .
On the o the r  hand, t r i b u ty r in  a c t iv i t y  was not a f fec ted  by albumin a t  the 
h ighest concen tra tion  used. Desoxycholate reversed  p a r t i a l l y  the  in h ib ­
i t o r y  e f f e c t  of albumin on the hydro lys is  of o l iv e  o i l .  T r ibu ty r in  ac­
t i v i t y  in the presence of albumin was not a l te r e d  fu r th e r  by the  add ition  
of desoxycholate. The add ition  of CaCl2 produced only s l i g h t  e f f e c t  up­
on a c t i v i t i e s .  The e f f e c t  of a simultaneous add i tion  of CaCl2  and des­
oxycholate on the a c t iv i t y  toward o live  o i l  was to  decrease the  a c t iv i t y  
somewhat from th a t  observed with desoxycholate alone. This e f f e c t  was 
concen tra tion  dependent. Conversely, the  combination of CaClg and desoxy­
chola te  caused a pronounced increase  in  a c t i v i t y  toward t r i b u t y r i n .  This 
a c t iv a t io n  was increased  th re e - fo ld  with the  h igher concen tra tion  of 
CaClg.
The opposite  e f f e c t s  observed with c e r t a in  a d d i t iv e s ,  and with 
the s u b s t ra te s  s tudied  suggests again th a t  sep a ra te  enzymatic a c t i v i t i e s  
might be involved.
In h ib i to r  Studies
Some in h ib i t io n  of a c t iv i t y  was e f fe c te d  by adding su lfhydry l 
in h ib i t in g  agents. For these s tu d ie s ,  shown in  Table 12, the in h ib i to r  
in the ind ica ted  q u a n t i t i e s  was added to  the enzyme p repara tion  and the 
mixture allowed to  stand fo r  30 min. in an ice  bath before assaying with
63
TABLE 11
EFFECTS OF ADDITIVES TO THE SUBSTRATE MEDIA'*
Additive
S p ec if ic  A c tiv i ty
Olive o i l T r ib u ty r in
No add itions 4.1 1.2
Sodium desoxycholate (2 m g./m l.) 7 .4 0.5
Sodium desoxycholate (4 mg./ml.) 7.6 1.1
Sodium desoxycholate (8 mg./ml.) 7 .4 0 .4
Albumin (80 mg./ml.) 0 .2 1.2
Albumin (40 mg./ml.) 0 0.5
Albumin (80 mg./ml.) + Desoxycholate (4 mg./ml.) 3.5 1.0
Albumin (40 mg./ml.) + Desoxycholate (4 m g./m l.) 5.9 0.6
CaClg (0.1 M) 4.9 0.6
CaClg (0.01 M) 4 .3 0.5
CaClg (0.1 M) + Desoxycholate (4 mg./ml.) 5 .2 3.8
CaClg (O.Ol M) + Desoxycholate (4 mg./ml.) 6 .6 1.2
^Phosphate b u f fe r  (pH 7.2) was used fo r  t h i s  s tudy. The t i s s u e  
p rep a ra t io n  was BIPA.
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TABLE 12
EFFECT OF INHIBITORS ON LIVER LIPOLYTIC ACTIVITY
In h ib i to r Concentration % I n h ib i t io n
p-Chloro-mercuri benzoic acid
Iodine
Rhodamine B
lodoacetic  acid
1 X 10"2 M
1 X 10"3 M
1 X 1 0  ^  M 
1 X 1 0 " ^  M 
5  X 1 0 " 4  M
5 X 10 M 
1 X 10-2 M 
1 X lO ' l  M
18%
2 6 %
36%
11%
10% a c t iv a t io n  
10% a c t iv a t io n  
5%
5%
^Phosphate b u f fe r  (pH 7 .2) was used fo r  t h i s  s tudy . The t i s s u e  
p rep a ra t io n  was acetone powder.
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"standard" Ediol s u b s t r a te .  In fu r th e r  experiments, a number of compounds 
ro u t in e ly  s tud ied  as in h ib i to r s  of l i p o ly t i c  a c t iv i t y  were te s t e d .  Some 
of the r e s u l t s  are shown in Tables 13 and 14. D if fe re n t  BIPA enzyme prep­
a ra t io n s  were used fo r  each of the  two s tu d ie s .  S ubs tra te s  were prepared 
in the standard  manner (phosphate b u f fe r ,  pH 7.2  and desoxychola te).  Lipo­
p ro te in  l ip a s e  s u b s t ra te  and l ip o p ro te in  l ip a se  assay system were prepared 
using ammonium s u l f a te  b u ffe r  (pH 8 .5 ) .  The q u an t i ty  of in h ib i to r  to  give 
the ind ica ted  f in a l  concen tra tion  was added to  the  su b s t ra te  and the  mix­
tu re  was preincubated  fo r  30 min. a t  37°. The con tro l s u b s t r a te s  were in ­
cubated w ithout in h ib i to r .
As shown in  Table 13, methyl bu ty ra te  and t r i b u ty r in  a c t i v i t i e s  
were enhanced in  the  presence of protamine s u l f a te  or NaCl. The hydroly­
s i s  of o l iv e  o i l  was in h ib i te d  markedly by protamine s u l f a t e  and s l ig h t ly  
by NaCl. Conversely, Atoxyl and Eserine caused an in h ib i t io n  of methyl 
b u ty ra te  and t r i b u t y r i n  a c t i v i t i e s ,  but had no e f f e c t  on the  hydro lys is  
of o l iv e  o i l .  A c t iv i t i e s  toward monoolein and t r i c a p r y l i n  were in h ib i te d  
by a l l  agents t e s t e d .  NaF and E-600 were po ten t in h ib i to r s  fo r  a l l  the 
a c t i v i t i e s .
R esu lts  p resen ted  in  Table 14 show th a t  the  degree of increasing  
a c t iv a t io n  of t r i b u ty r in  i s  a function  of an inc reas ing  concen tra tion  of 
protamine s u l f a t e  or NaCl. S im ila r ly ,  the inc reas ing  in h ib i t io n  of a c t iv ­
i t y  toward o liv e  o i l  and Ediol by protamine s u l f a t e  i s  p ro p o r t io n a l  to  an 
increasing  concen tra tion  of in h ib i to r .  However, the  in h ib i t io n  of o live  
o i l  h y d ro ly s is  by NaCl i s  e f fe c te d  in a reverse  manner with small concen­
t r a t io n s  being more e f f e c t iv e  in h ib i to r s  than high co n ce n tra t io n s .
Protamine s u l f a t e  and NaCl (h igher co ncen tra tions)  were in h ib i-
TABLE 13
EFFECT OF INHIBITORS ON LIVER LIPOLYTIC ACTIVITY
Inhibitor
% Activity
\%  Methyl Butyrate Tributyrin Tricaprylin Olive Oil Monoolein
No Inhibitor^ 0.3 (100%) 1.0 (100%) 2.9 (100%) 3.1 (100^) 1.8 (100%)
Protamine sulfate 
5 mg./ml.
300 325 23 8 55
NaF
2 X  lO'l M
0 9 12 35 0
NaCl
0.5 M
117 115 86 94 54
E 600
1 mg./ml. (sat.)
0 0 0 8 0
E 600 _
1 X 10” M (unsat.)
0 12 0 4 17
Atoxyl
5 X  10”^ M
79 33 49 105 25
Eserine
5 X  10”3 M
55 54 63 105 71
o\o
Expressed as specific activity.
TABLE 14
EFFECT OF INHIBITORS ON LIVER LIPOLYTIC ACTIVITY
% Activity
Inhibitor
Tributyrin Olive oil Ediol
Lipoprotein 
lipase assay 
system
Lipoprotein lipase 
assay system + 
desoxycholate 
(4 mg./ml.)
No inhibitor^ 0.8 (lOOÇé) 5.1 (lOOÇé) 2.0 (100%) 0.6 (100%) 4.1 (100%)
Protamine sulfate
200 pg. 118 33 30 22 22
400 pg. 127 33 20 22 22
1 mg. 172 40 17 45 18
5 mg. 207 6 10 22 22
NaCl
0.1 M 131 73 118 3 54
0.5 M 170 81 113 - 32
1 M 202 83 62 23 23
2 M 211 89 67 14 22
O '
^Expressed as specific activity.
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to ry  to  the  hydro lys is  of Ediol used in  "standard" assay system as well 
as when i t  was incorpora ted  in  the l ip o p ro te in  l ip a s e  assay system. The 
s p e c i f ic  a c t iv i t y  fo r  Ediol in  "standard" medium was 2 .0 .  In the  l ip o p ro ­
t e in  l ip a s e  assay system i t  was reduced to  0 .6 .  Addition of sodium des­
oxycholate to  the  l ip o p ro te in  l ip a se  assay system increased  the a c t i v i t y  
to  4 .1 .  This was a s ix - fo ld  inc rease  in  a c t i v i t y  above th a t  d isplayed 
in  the  l ip o p ro te in  l ip a s e  assay system and a tw o-fold  in c rease  in  a c t iv ­
i t y  toward Ediol in "standard"  medium.
Sodium desoxycholate has been considered to  be an in h ib i to r  of 
l ip o p ro te in  l ip a se  (57). As shown in  Table 15 l i p o l y t i c  a c t i v i t y  in p o s t­
heparin  serum was decreased 76^ when desoxycholate was added to  the l ip o ­
p ro te in  l ip a s e  assay system. The r e s u l t s  of t h i s  experiment a lso  provided 
evidence th a t  the  l i p o l y t i c  a c t i v i t y  in  the  l i v e r  was not due to  l ip o p ro ­
t e in  l i p a s e .  Instead  of a decrease , the add it ion  of desoxycholate r e s u l t ­
ed in a s ix - fo ld  inc rease  of the  l i p o ly t i c  a c t i v i t y  of l i v e r  p rep a ra t io n s .
L o ca liz a t io n  of L ip o ly t ic  A c tiv i ty
Subce llu la r  f r a c t io n a t io n  of l i v e r  homogenates was c a r r ie d  out 
to  determine i f  such methods could be used as a means of enzyme p u r i f i c a ­
t io n  and as a technique fo r  lo c a tin g  the  s i t e  of enzyme a c t i v i t y  w ithin 
the  c e l l .
I n i t i a l  s tu d ie s  were done using Ediol and methyl b u ty ra te  as 
s u b s t r a te s .  The r e s u l t s  are shown in Table 16. Although the sp e c if ic  
a c t i v i t i e s  of the d i f f e r e n t  f r a c t io n s  varied  widely the  lo c a l iz a t io n  with 
Ediol as s u b s t ra te  was f a i r l y  c o n s is te n t .  Although not apparent in t h i s  
experiment, the so lub le  f r a c t io n  occas iona lly  d isp layed  e s te ra s e  a c t iv i t y .
Many s u b c e l lu la r  f r a c t io n a t io n  experiments were performed in
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TABLE 15
THE EFFECT OF DESOXYCHOLATE ON THE LIPOPROTEIN 
LIPASE ASSAY SYSTEM
S p ec if ic  A c tiv ity
Normal
serum
Post-heparin
serum
Liver®
p repara t ion
L ipoprote in  l ip a se  
assay system 0.80 14.00 0.60
Lipoprote in  l ip a se
assay system + sodium 
desoxycholate (4 mg./ml.)
0.66 3.40 4.10
^Ammonia e x t ra c t  of BIPA.
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TABLE 16
COMPARISON OF LIPOLYTIC AND ESTEROLYTIC ACTIVITY 
OF SUBCELLULAR FRACTIONS
F ractions Mg. p ro te in
Ediol
Specific  A c tiv i ty
1% Methyl Butyrate
Whole homogenate 10.5 0.15 0.87
Mitochondria 6.7 0.23 1.37
Microsomes 7.3 0.21 1.25
Soluble f ra c t io n 0.96 2.64 0
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which l i p o l y t i c  a c t iv i t y  was evaluated  as a c t i v i t y  toward t r i b u t y r i n .  In 
f ive  experiments, using f i f t e e n  animals, the microsomal f r a c t io n  d isp la y ­
ed c o n s is te n t ly  the h ig h e s t  s p e c i f i c  a c t i v i t y .  S t i l l ,  app rec iab le  a c t iv ­
i t y  was p re sen t  in  the m itochondrial f r a c t io n  and le s s e r  a c t i v i t y  in the 
soluble  f r a c t io n .  The inform ation provided in  Table 17 was obta ined in  
a comparative study of the  s u b c e l lu la r  f r a c t io n s  from l i v e r s  of 3 animals. 
A c tiv i ty  toward t r i b u t y r i n  was high in both the microsomal f r a c t io n  and 
the m itochondrial f r a c t io n .  T r icap ry lin  a c t i v i t y  a lso  appeared in  both 
m itochondrial and microsomal f r a c t io n s ,  while the  a c t i v i t y  toward o live  
o i l  was too low to  be eva lua ted .
TABLE 17
COMPARISON OF ACTIVITY TOWARD VARIOUS SUBSTRATES 
BY SUBCELLULAR FRACTICMS
Fraction Mg. protein
Specific Activity
Olive oil Tricaprylin Tributyrin 1% Methyl Butyrate
Whole homogenate
1 3.7 0 - 2.0 1.7
2 4.1 0.11 0.45 1.7 1.6
3 4.2 0.06 0.31 1.6 1.5
Mitochondria
1 2.6 0 0.65 1.6 1.9
2 2.7 0 0.52 1.7 1.8
3 2.3 0.1 0.58 2.0 2.1
Microsomes
1 5.7 0 0.26 1.5 1.0
2 5.1 0.05 0.43 1.7 1.1
3 1.8 0 1.2 3.9 2.9
Soluble fraction
1 2.6 0 0.12 0.15 0.72
2 2.7 0.1 0.12 0.17 0.91
3 2.8 0 0.13 0.14 0.70
to
CHAPTER IV 
DISCUSSION
"As long as an enzyme cannot be obtained in  a 
pure s t a t e ,  i t  must be defined by i t s  c a t a ly t i c  
a c t iv i t y  th a t  i s  to  say, by the o v e r -a l l  re a c ­
t io n  in  which i t  i s  c a t a ly s t .  The s i tu a t io n  i s  
qu ite  c le a r  when i t s  s p e c i f i c i t y  i s  abso lu te .
But when severa l s u b s t ra te s  have to  be considered , 
a somewhat embarrassing choice must be made."
P. Desnuelle (13)
Demonstration and I s o la t io n  of Liver 
T rig ly ce r id e  Lipase
In th i s  re sea rch  e f f o r t  an enzyme(s) which f u l f i l l s  the  proposed 
c r i t e r i a  fo r  t r ig ly c e r id e  l ip a s e  (g ly c e ro l - e s te r  hydro lase , EC 3 .1 .1 .3 )  
was is o la te d  fo r  the f i r s t  time from r a t  l i v e r  (95, 96).  The observations  
in t h i s  study have been r e l a t e d  to  a c r i t e r i o n  according to  which the 
c l a s s i f i c a t io n  of enzymes ca ta lyz ing  hydro lys is  of various  e s t e r s  i s  based 
on the physical-chem ical s t a t e  of s u b s t r a te s .  According to  the  proposal 
of Sarda and Desnuelle (3 ) ,  l ip a s e s  are enzymes which hydrolyze e s te r s  in 
a heterogeneous system.
This l i p o ly t i c  a c t iv i t y  was f i r s t  observed during our s tu d ie s  on 
the lipemia c lea r in g  e f f e c t  of b a c t e r i a l  lipopo lysaccharides  ( l ) .  H is to- 
chemical s tu d ie s  showed th a t  l ip o p o ly sacch a r id e - trea ted  r a t s  accumulated 
in travenously  in jec te d  em ulsif ied  t r i g ly c e r id e s  p r e f e r e n t i a l l y  in the  l i ­
ver parenchymal c e l l s  while un trea ted  r a t s  accumulated them p r im a r i ly  in
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the l i v e r  Kupffer c e l l s .  I t  has been hypothesized t h a t  the lipopo lysac­
charides might cause the  increased  t r ig ly c e r id e  uptake by h ep a t ic  paren­
chymal c e l l s  through a mechanism involving a change in  the c e l l u l a r  p e r ­
m eab il i ty  and a g re a te r  m etabolic requirement during the  s t r e s s  produced 
by lipopolysaccharide  in je c t io n .  The v i r t u a l  absence of l ip o p ro te in  
l ip a se  in the  serum and l i v e r  of l ip o p o ly sacch a r id e - trea ted  animals 
prompted an in v e s t ig a t io n  of o the r  p o ss ib le  l i p o ly t i c  enzymes which could 
be respons ib le  fo r  the  removal and metabolism of long-chain t r i g ly c e r id e s  
in the l i v e r .
The mammalian l i v e r  conta ins  severa l types of enzymes which might 
be concerned with the hydro lys is  of l i v e r  l i p i d s .  U nfortunate ly , the  
d if fe re n ces  between l i v e r  a l i - e s t e r a s e  and l ip a s e  have not been c l e a r ly  
defined in  the l i t e r a t u r e .  I t  had been assumed th a t  a l i v e r  t r i g ly c e r i d e  
l ip a se  was v i r t u a l l y  absent and/or due to  one and the  same enzyme.
In the  p resen t s tu d ie s ,  i t  was demonstrated (Table 1 and 2) t h a t  
the observed l i p o ly t i c  a c t i v i t y  was not due to  l ipopolysaccharide  t r e a t ­
ment but th a t  i t  was p re sen t  a lso  in many normal animals. The degree of 
a c t i v i t y  ranged from n e g l ig ib le  values to  values s u f f i c i e n t  to  be r e a d i ly  
evaluated . The very low le v e ls  of l i p o ly t i c  a c t i v i t y  de tec ted  in  many 
animals may account fo r  the previous f a i l u r e s  to  demonstrate i t .
Recently , the r e s u l t s  of severa l independent in v e s t ig a t io n s  have 
confirmed the  presence of a l i v e r  l ip a s e  (41, 42, 91-98, 106). Although 
the d e f in i t io n  of l ip a se  in  these  r e p o r ts  was c o n s is te n t ,  d i r e c t  compar­
ison of r e s u l t s  seemed almost im possib le . The in d ica t io n  in our s tu d ie s  
of the  presence of more than one l i v e r  l i p o l y t i c  a c t iv i t y  may p o ss ib ly  
exp la in  some d isc repanc ies  in the  r e s u l t s .  Vavrinkova and Mosinger (94,
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97) suggested, on the  b a s is  of two pH optima, the  presence of two l i p o ­
l y t i c  enzymes. However, d i f fe re n c e s  they noted with re sp ec t  to  the e f ­
f e c t  of albumin and in h ib i to r s  (97) make fu r th e r  comparison v i r t u a l l y  im­
p o s s ib le .  On the  b as is  of d i f fe re n c e s  in  heat in a c t iv a t io n  and response 
to  d iisop ropy l f luorophosphate , C a r te r  (98) suggested th a t  d i f f e r e n t  en­
zymes may be ac ting  on t r i g ly c e r i d e s  and monoglycerides. The t r ig ly c e r id e  
a c t i v i t y  in  so lub le  c e l l u l a r  f r a c t io n s  was more heat l a b i l e  than mono­
g lyceride  a c t i v i t y .  Diisopropyl fluorophosphate in h ib i te d  t r i g ly c e r id e  
hydrolyzing a c t i v i t y  but i t  enhanced the  r a t e  of monoglyceride hydroly­
s i s .
All of these  s tu d ie s  have c l e a r ly  demonstrated th a t  the  l i v e r  
l i p o l y t i c  a c t iv i t y  i s  d i f f e r e n t  from th a t  of l ip o p ro te in  l i p a s e .  In our 
experiments, the same conclusion was based on th e  following f ind ings ;
( l )  the lack of any s t im u la to ry  e f f e c t  of the vivo ad m in is tra t io n  of 
heparin  on a c t iv i t y  in  l i v e r  p rep a ra t io n s  (Table l )  and (2) the  marked 
d if fe re n c e s  in  in  v i t r o  response to  a c t iv a to r s  and in h ib i to r s  of heparin- 
s tim ula ted  serum l ip a s e  and l i v e r  l ip a s e  (Tables 14 and 15). Sodium des­
oxycholate was a p o te n t  in h ib i to r  of pos t-heparin  serum l i p o l y t i c  a c t iv ­
i t y  but an a c t iv a to r  toward long-chain  t r i g ly c e r i d e s .  S im ila r ly ,  a lbu­
min, considered a l ip o p ro te in  l ip a s e  a c t iv a to r  (107, 108), was in h ib i to ry  
to  long-chain  t r i g ly c e r id e  l ip a s e  a c t i v i t y  in the  l i v e r  (Table 11). Mayes 
and F e l t s  (65) suggested the presence in  r a t  l i v e r  of an in a c t iv e  l i p o ­
p ro te in  l ip a s e  g en e ra lly  considered to  be v i r t u a l l y  absent in  t h i s  organ 
(7, 34, 39, 49, 62, 63).
I s o la t io n  and P u r i f ic a t io n
Attempts to  i s o l a t e  or p u r i fy  the  enzyme respons ib le  fo r  th i s
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l i v e r  l i p o l y t i c  a c t i v i t y  have not been descr ibed  p rev io u s ly .  The i s o la ­
t io n  of the  enzyme as a butanol-w ater i n t e r f a c i a l  p rep a ra t io n  gave a prod­
uct of increased  a c t iv i t y .  I t  appears t h a t  the  e s te ra se  a c t i v i t y  i s  ex­
cluded from the  i n t e r f a c i a l  p re p a ra t io n s .  Benzonana and Desnuelle (l09) 
found th a t  th e re  was an ac tu a l  adsorp tion  of p a n c re a t ic  l ip a s e  a t  an o i l /  
water in te r f a c e  and a d ep le t io n  of the enzyme from the  bulk aqueous phase. 
The a f f i n i t y  of l ip a s e  fo r  an in te r fa c e  has been u t i l i z e d  by Baskys,
Klein and Lever as the  i n i t i a l  s tep  in p u r ify in g  adipose t i s s u e  l ip a se  
(no), p an c re a t ic  l ip a s e  ( i l l ) ,  and l ip o p ro te in  l ip a s e  (112) by adsorb­
ing the  enzyme a t  an e th e r /w a te r  i n t e r f a c i a l  la y e r .
Although i t  d id  not separa te  the in d iv id u a l  enzyme a c t i v i t i e s ,  
the ammonium s u l f a t e  f r a c t io n a t io n  technique used in  the  p re sen t  s tud ies  
removed a p o rt ion  of the in e r t  p ro te in  thus allowing an enrichment of ac­
t i v i t y .  The find ing  t h a t  a l l  l i p o ly t i c  a c t i v i t i e s  were not a f fe c te d  pro­
p o r t io n a te ly  by a given ammonium s u l f a t e  p r e c i p i t a t i o n  (Table 10) sug­
gested  the  involvement of more than one l i p o l y t i c  enzyme. A seven-fold 
increase  in  the  a c t i v i t y  of enzyme p ro te in  recovered from Sephadex columns 
suggested th a t  g e l - f i l t r a t i o n  might be an u se fu l  p u r i f i c a t io n  s te p .  I t  
i s  probable th a t  f r a c t io n a t io n  on Sephadex columns should be preceded by 
e i t h e r  bu tano l-w ater  trea tm en t or ammonium s u l f a t e  f r a c t io n a t io n  in order 
to  exclude as much in e r t  p ro te in  as p o ss ib le  and allow fo r  a sharper sep­
a ra t io n .
C h a rac te r iz a t io n  S tud ies
Although sepa ra t ion  of d i s c r e te  l i p o l y t i c  a c t i v i t i e s  has not ye t 
been accomplished, v a r ia t io n s  in  a c t i v i t y  in  response to  changes in ex­
perim enta l cond itions  suggested the presence of more than one l i p o ly t i c
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a c t iv i t y .  Although such v a r ia t io n s  in the  l i p o ly t i c  a c t i v i t i e s  could be 
explained by f a c to rs  o the r  than the enzyme p ro te in ,  some appear to  be 
v a l id  evidence fo r  the presence of severa l enzymes. The th ree  d is c re te  
pH optima d isp layed  with o live  o i l  and t r i c a p r y l i n  as s u b s t ra te s  re p re ­
sented an in d ic a t io n  fo r  more than one enzymatic a c t iv i t y .  These sub­
s t r a t e s  showed optima a t  approximately pH 5 .5 ,  pH 7.0  and pH 8 .0 .  The 
optimum a t  pH 8.0  was absent when t r i b u ty r in  was used. Vavrinkova and 
Mosinger (94) found an optimal l i p o ly t i c  a c t i v i t y  toward Ediol in l i v e r  
homogenates a t  pH 5 .0  with a secondary a c t i v i t y  a t  pH 8 .0 .  In our prep­
a ra t io n s  the  h ighest s p e c i f ic  a c t iv i t y  fo r  t r i c a p r y l i n  was a t  pH 7 .0 , 
while t h a t  fo r  o l iv e  o i l  was a t  pH 8.0 (Figure 4 ) .  Additional s tud ie s  
with bu ffe r ing  systems found to  be p r e f e r e n t i a l  fo r  each p a r t i c u la r  sub­
s t r a t e  are needed in  order to  eva lua te  the  s ig n if ic a n c e  of these  a c t iv i t y  
optima. I t  was found (Tables 7, 8 ),  fo r  example, t h a t  the o liv e  o i l  ac­
t i v i t y  was g en e ra lly  h igher with Tris  than with phosphate b u f fe r ;  the r e ­
verse was t ru e  fo r  t r i b u ty r in  a c t i v i t y .  Glycyl g lyc ine  b u ffe r  was some­
what in h ib i to ry  to  o l iv e  o i l  a c t i v i t y  but accentuated the  a c t i v i t y  of 
e i th e r  t r i b u ty r in  or t r i c a p r y l i n .
L ip o ly t ic  a c t i v i t y  was demonstrated toward a wide range of sub­
s t r a t e s .  However, some p rep a ra t io n s  seemed devoid of a c t i v i t y  ag a in s t  
c e r ta in  s u b s t r a te s ,  suggesting  again, th a t  more than one a c t iv i t y  was r e ­
sponsib le  fo r  the o v e ra l l  t r i g ly c e r id e  h y d ro ly s is .  The degree of a c t iv i t y  
toward a s u b s t ra te  could be accentuated or depressed by varying the con­
d i t io n s  (b u ffe rs  or a d d i t iv e s )  of the assay system. Such manipulations 
could a l t e r  the  a p p a re n t . s p e c i f ic i ty  of a p rep a ra t io n .  Ind iv idual p re f ­
erences fo r  sh o r t-ch a in ,  medium-chain, and long-chain t r ig ly c e r id e s  were
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noted in  d i f f e r e n t  p re p a ra t io n s .  For example, the  h ig h es t  a c t i v i t y  in  
BIPH-1 (Table 9) appeared to  be d isplayed by a sh o r t-ch a in  t r ig ly c e r id a s e  
(a t r i b u t y r i n a s e ) ; the  a c t i v i t y  in  BIPH-2 (Table 9 ) ,  by a predominantly 
medium-chain t r ig ly c e r id a s e  ( t r i c a p r y l in  as s u b s t r a t e ) ;  and th a t  in  BIPA 
(Table 8, phosphate b u f f e r ) ,  by a long-chain t r ig ly c e r id a s e  (o l iv e  o i l  as 
s u b s t r a te ) .  Since many fa c to r s  influence the  degree of l ip a se  ac tion  up­
on a given s u b s t r a te ,  both the  physical s t a t e  and the  chemical na tu re  of 
the s u b s t ra te  must be considered when s p e c i f i c i t i e s  are defined . For 
th i s  reason i t  would be unwise to  c i t e  apparent s u b s t r a te  s p e c i f i c i t i e s  
a lso  as a v a l id  evidence fo r  the presence of more than one enzyme.
B ile  s a l t s  have long been known to  serve as a c t iv a to r s  fo r  pan­
c re a t ic  l ip a s e  (7 7 ) .  This a c t iv a t io n  was thought to  be l im ited  to  hydrol­
y s is  of long-chain t r i g ly c e r i d e s .  Click and King (113) found, fo r  ex­
ample, t h a t  b i l e  s a l t s  in h ib i te d  r a th e r  than enhanced l ip a s e  a c t i v i t y  on 
a sa tu ra te d  so lu tio n  of t r i b u ty r in .  The ro le  of b i l e  s a l t s  in  these  r e ­
ac tions  was thought to  be merely to  aid in  the é m u ls if ic a t io n  of in s o l ­
uble s u b s t r a te s .  For t h i s  reason. Wills (114) suggested t h a t  the  a c t iv a ­
t io n  could be n o n -sp ec if ic  and th a t  any d e te rg en t  might serve equally  
w ell .  However, h is  experiments showed th a t  sodium dodecyl s u l f a t e  was in ­
h ib i to ry  to  the hydro lys is  of t r i o l e i n  by l i p a s e .  In c o n t ra s t ,  sodium 
tau rocho la te  was a powerful a c t iv a to r .  Borgstrom (lO l) observed th a t  the 
ac t iv a t in g  e f f e c t  of tau ro ch o la te  was dependent upon i t s  concen tra tion  
and upon pH value . I t  i s  now genera lly  accepted th a t  the  b i l e  s a l t s  ac t 
in some capac ity  o the r  than as emulsifying agen ts .
Desnuelle (13) demonstrated th a t  p an c re a t ic  l ip a se  a c t i v i t y  to ­
ward t r i o l e i n  was tem perature dependent only in the presence of b i l e
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s a l t s .  By using a p u r i f i e d  p an c re a t ic  l i p a s e ,  F r i t z  and Melius (115)
found th a t  hyd ro ly s is  of both t r i o l e i n  and t r i b u ty r in  was tem perature de­
pendent re g a rd le s s  of the  add it ion  of b i l e  s a l t s .  They a lso  found th a t  
both s u b s t ra te s  were a c t iv a te d  by the  ad d i t io n  of ta u ro c h o la te .  The en­
ergy of a c t iv a t io n  was almost twice as g re a t  when l i p o ly s i s  took p lace  
in  the absence of ta u ro c h o la te .  The following mechanisms fo r  the  hydrol­
y s i s  were proposed by them:
(a) in  the  absence of b i l e  s a l t ,
E+TG E.IG ^  E.Dg ' ^  E.Mg ' ^  E.G E « . ,
-FA -FA -FA
(b) in the  presence of b i l e  s a l t .
( f a s t )  ( f a s t )  ( tau rocho la te )
E+TG <-------- > E.TG — —— > E.DG m i  > E+DG
-FA ( f a s t )
In the  presence of b i l e  s a l t  the  observed r a t e  was considered to  be e s ­
s e n t i a l l y  p ro p o r t io n a l  to  the  r a t e  of hydro lys is  of t r i g ly c e r i d e  to  d i ­
g ly c e r id e .  Experim entally , the  re a c t io n  r a t e  was l in e a r  w ith tim e. In 
the  absence of ta u ro ch o la te  more than one h y d ro ly t ic  r e a c t io n  occurred 
and the r a t e  curve rep resen ted  a complex r e la t io n s h ip  of the r a t e s  of 
a l l  s te p s .  The products of the  hyd ro ly s is  were is o la te d  and, indeed, the 
r a t i o s  of m onoglycerides/d ig lycerides  in d ica ted  t h a t  the f i r s t  s te p ,
^ ^ ( t a u r o c h o l a t e )  was favored when ta u ro c h o la te  was
" ( f a s t )  " ’
p re s e n t .  They observed th a t  the  e f fe c t iv e n e ss  of the b i l e  s a l t  was in ­
creased a t  a lk a l in e  pH, suggesting th a t  the b i l e  s a l t  anion was the  ac­
t iv e  agent. Reports in  the l i t e r a t u r e  which support the  idea  t h a t  cho lic
80
acid d e r iv a t iv e s  are capable of s p l i t t i n g  l ip o p ro te in  complexes led F r i t z  
and Melius (115) to  suggest th a t  tau rocho la te  cleaves the enzyme-substrate 
complex, thereby  f ree in g  the  enzyme fo r  f u r th e r  reac tio n  with s u b s t ra te ,  
and th a t  the  cho lic  acid d e r iv a t iv e s  could be a c t iv a to rs  fo r  any l i p o ly t i c  
enzyme with an a lk a l in e  pH optimum. Glycocholate and tau rocho la te  were 
found to  be more e f f e c t iv e  a c t iv a to r s  than desoxycholate. This find ing  
was explained by the  a b i l i t y  of desoxycholate to  ra p id ly  break down not 
only enzym e-diglyceride, but a lso  enzym e-trig lyceride complexes.
The r e s u l t s  of experiments on the  e f f e c t  of sodium desoxycholate 
on l i p o ly t i c  a c t i v i t i e s  (Table 11) seemed to  in d ic a te  the presence of 
more than one enzyme. However, the f ind ings  may rep resen t  merely d i f f e r ­
ing e f f e c t s  of b i l e  s a l t s  upon the equ ilib rium  constan ts  of the  ind iv idua l . 
enzym e-tr ig lyceride  complexes. Desoxycholate ac t iv a ted  the hydro lysis  of 
long-chain t r i g ly c e r id e s  but i t  in h ib i te d  the  hydrolysis  of sho rt-cha in  
t r i g ly c e r i d e s .  This apparen tly  paradoxical f ind ing  should be explored 
fu r th e r  by studing  the e f f e c t  of o ther  b i l e  s a l t s  on t r ig ly c e r id e s  of var­
ious chain lengths  a t  various pH optima and with various bu ffe r ing  sys+ 
tems.
Vavrinkova and Mosinger (94) found th a t  l i v e r  l ip a se  a c t iv i t y  is  
increased  by the add ition  of albumin to  the assay medium, the  optimum 
concen tra tion  being 2-5%. C arte r  (98) a lso  used albumin in  h is  complete 
assay system. In our p resen t s tu d ie s ,  albumin was found to  be in h ib i to ry ,  
e s p e c ia l ly  toward the hydro lys is  of long-chain t r i g ly c e r id e s .  This e f ­
fe c t  was not observed when t r i b u ty r in  was used as su b s tra te  (Table 11).
In the l ip o p ro te in  l ip a s e  assay system i t  has been shown th a t  albumin 
plays an im portant r o le  as the acceptor of re leased  long-chain f a t t y  acids
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which, i f  allowed to  accumulate, in h i b i t  the enzyme (107, 108). C o n f l ic t­
ing r e p o r ts  have appeared concerning the e f f e c t s  of albumin on p ancrea tic  
l ip a s e .  DiNella, Meng and Park (18) found th a t  bovine serum albumin in ­
creased the r a t e  of t h i s  enzyme; however, F rase r  and Nicol ( l l 6 )  noted 
th a t  i t  was a po ten t in h ib i to r  of the enzyme. Almost complete in h ib i t io n  
occurred a t  a concen tra tion  of 2 .0  mg./ml.
Calcium ch lo ride  has occasiona lly  been s u b s t i tu te d  advantageous­
ly  fo r  albumin as a f re e  f a t t y  acid acceptor in the  l ip o p ro te in  l ip ase  
assay system (66). W ills (4) concluded th a t  Ca-ions play a dual ro le  in 
pancrea tic  l ip a se  ac t io n ,  serving as a metal (d iv a le n t  ion) s t a b i l i z e r  
and as an a c t iv a to r  of the enzyme when long-chain t r i g ly c e r id e s  are hy­
drolyzed. Borgstrom (lO l)  observed th a t  the  ad d it io n  of ions to  pancre­
a t i c  ju ic e  acce le ra ted  the  r a t e  of hydro lys is  of t r i g ly c e r id e s  (o liv e  o i l  
as s u b s t r a te ,  a t  a l l  pH v a lu es) .  At the same time a decreased r a t e  of 
re sy n th e s is  of t r ig ly c e r id e s  was observed. Calcium ch lo ride  increased 
s l i g h t l y  the o liv e  o i l  a c t i v i t y  of l i v e r  l ip a s e  (Table 11) but i t  de­
creased the  t r i b u ty r in  a c t i v i t y .  However, when i t  was added to  an assay 
system containing sodium desoxycholate, calcium ch lo ride  in h ib i te d  the ex­
pected o live  o i l  a c t i v i t y  and ac t iv a ted  the t r i b u ty r in  h y d ro ly s is .
Whether a l l  of these  e f f e c t s  of ad d i t iv e s  could be a t t r ib u te d  
to  e i t h e r  "favorable" or "unfavorable" a l t e r a t io n s  of the enzyme-substrate 
and enzyme-product e q u i l ib r i a ,  as p o s tu la ted  by F r i t z  and Melius (115) 
fo r  cho lic  acid  d e r iv a t iv e s ,  could not be a sce r ta in ed  from these  ex p er i­
ments. The a c t iv a t io n  or in h ib i t io n  produced by the  ad d i t iv es  was d i f ­
fe re n t  fo r  sho rt-cha in  and long-chain t r i g ly c e r i d e s .  This i s  perhaps a 
r e f l e c t i o n  of the r e l a t i v e  ease with which a t r i g ly c e r id e  emulsion can be
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e i th e r  made or broken depending upon the f a t t y  acid chain le n g th .  The im­
portance of the  s t a t e  of the  emulsion upon the  r a te  of l i p o ly s i s  has been 
demonstrated su cc in c t ly  by Desnuelle and coworkers (3, 13). By mixing 
d i f f e r e n t  co ncen tra tions  of s u b s t ra te  in  emulsions, they showed t h a t  fo r  
a cons tan t weight of s u b s t r a te ,  the  i n i t i a l  r a t e s  vary with the  i n t e r f a ­
c i a l  a rea . The i n i t i a l  r a t e  fo r  a c e r ta in  s u b s t ra te  co ncen tra tion  was 
lower with a l e s s  d ispe rsed  emulsion than with a h ighly  d isp e rsed  one. 
According to  t h e i r  observa tions  anything which would a l t e r  the  em ulsif ied  
s t a t e  and thus the  a v a i la b le  in te r f a c e  would a f f e c t  the observed r a t e  of 
a c t iv i t y .
Wills (4) found th a t  p an c re a tic  l ip a se  could be in h ib i te d  by 
c e r ta in  SH-reagents but was r e s i s t a n t  to  o th e rs .  The in h ib i t io n  var ied  
with the s u b s t r a te  used. He a sse r ted  th a t  i t  i s  u n l ik e ly  t h a t  su lfhydry l 
groups are p a r t  of the  a c t iv e  cen te r  but t h a t  they may be ad jacen t  to  i t .  
In the  p re sen t  s tu d ie s  a s im i la r  in h ib i t io n  by SH-reagents was observed 
fo r  l i v e r  l ip a s e  (Table 12). Desneuelle (13) assumed, by analogy to  e s ­
te r a s e s ,  t h a t  l ip a s e s  con ta in  an ac t iv e  se r in e  which should be blocked by 
organophosphates. He and h is  a s s o c ia te s  showed th a t  p a n c re a t ic  l ip a s e  
was not in h ib i te d  by d ie th y l  p-n itrophenyl-phosphate  (E-600) in so lu tio n  
(lOO). With emulsions con ta in ing  low concen tra tions  of in h i b i t o r  a p a r t  
of the a c t i v i t y  d isappeared . With more concentrated  emulsions of in h ib ­
i t o r ,  the a c t i v i t y  d isappeared  completely and i r r e v e r s ib ly .  In the  s tu d ­
ie s  reported  here l i v e r  l ip a s e  was a lso  completely in h ib i te d  by an emul­
sion of E-600 (Table 13).
The degree of in h ib i t io n  of l i v e r  l ip a se  a c t i v i t y  by Atoxyl and 
E ser ine , which are  considered to  be e s te ra se  in h ib i to r s  (84),  va r ied  de-
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pending upon the su b s t r a te  (Table 13). With short-cha in  and medium-chain 
t r i g ly c e r id e s  ( t r i b u ty r in  and t r i c a p r y l i n )  as su b s t r a te s ,  l i p o l y t i c  ac­
t i v i t y  was in h ib i te d  as much as f i f t y  percen t by the  Atoxyl and Eserine 
while with o live  o i l  as s u b s t ra te  the re  was a s l ig h t  a c t iv a t io n .  The in ­
h ib i to ry  e f f e c t  was reversed  in  the  case of protamine s u l f a te  and NaCl. 
Protamine s u l f a t e  and NaCl increased  the  t r i b u ty r in  a c t i v i t y ,  but they 
decreased the  o live  o i l  a c t i v i t y .  These s tu d ie s  were not designed to  de­
termine what f a c to rs  in  the  l i v e r  l ip a se  assay system are a f fe c te d  by the 
i n h ib i to r s .  Therefore , i t  was not p o ss ib le  to  conclude whether the  ad­
d i t iv e s  influenced  the  enzym e-substrate complex, or the a v a i l a b i l i t y  of 
in t e r f a c i a l  a rea ,  or the  enzyme p ro te in ;  a l l  are  p o ss ib le .  However, i t  
was observed th a t  the  degree of in h ib i t io n  or a c t iv a t io n  by protamine s u l­
fa te  and NaCl was dependent upon the concen tra tion  of in h ib i to r .
At l e a s t  two conclusions can be drawn from the observa tions  of 
an inverse  r e la t io n s h ip  of in h i b i t i o n /a c t iv a t io n  by Atoxyl and Eserine 
versus protamine s u l f a t e  and NaCl on t r i b u ty r in  or o l ive  o i l  h y d ro ly s is .  
The in h ib i to r s  could p o ss ib ly  ( l )  block the enzyme respons ib le  fo r  one 
a c t iv i t y ,  but not fo r  another and (2) cause d i f f e r e n t  e f f e c t s  upon the 
s u b s t ra te  emulsion or enzym e-substrate complex, in one case producing a l ­
te ra t io n s  favorab le  to  long-chain  t r ig ly c e r id e  l ip a se  and, in  the  o th e r ,  
producing a l t e r a t i o n s  favorable  to  sh o rt-cha in  l ip a s e .  The presence of 
a t  l e a s t  two ind iv idua l  enzymes i s  ind ica ted  in both cases.
K ine t ic  S tudies
Since the  n a tu ra l  s u b s t ra te s  (long-chain  t r i g ly c e r id e s )  fo r  
l ip a s e s  are  not water so lu b le ,  the c l a s s i c a l  concepts of enzymology must 
be modified in the  case of these  compounds. Lipases ac t not on soluble
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s u b s tra te s  but on em ulsified  t r ig ly c e r id e  d ro p le ts  separated from water 
by an in te r fa c e  (13).
Mathematical rep re se n ta t io n s  are not ye t av a i lab le  which would 
make p o ss ib le  the d e f in i t io n  of M ichaelis constan ts  fo r  " in t e r f a c i a l  en­
zymology". Benzonana and Desnuelle (109) have approached re c e n t ly  th i s  
problem fo r  panc rea tic  l ip a s e .  They have made the  following observa tions .  
The l ip a se  i s  adsorbed by i t s  em ulsified  s u b s t ra te  and the i n i t i a l  r a t e  
of the re a c t io n  i s  a function  of the number of enzyme molecules adsorbed 
a t  the in te r f a c e .  By varying the components of the assay system, a l in e a r  
Lineweaver-Burk rep re se n ta t io n  could be obta ined . However, the abscissae  
of the rep re se n ta t io n  and the values remained undefined. Thus, the 
usual %  concept i s  of l i t t l e  value when the  su b s t ra te  i s  in  the in so lu ­
b le  s t a t e .  By using two emulsions conta in ing  p a r t i c l e s  of d i f f e r e n t  
s iz e s  they showed th a t  the i n i t i a l  v e lo c i ty  depends on the area of the 
in te r f a c e  r a th e r  than d i r e c t ly  upon the weight of the in so lub le  s u b s t r a te ;  
the  r a t e  of l i p o ly s i s  was inve rse ly  p ropo r t io n a l  to  the t o t a l  volume of 
the emulsion. In the case of l ip a s e ,  the i n t e r f a c i a l  area (area  of i n t e r ­
f a c e / to t a l  volume of emulsion) - the volume of emulsion u n i t  -  p lays  the 
ro le  normally ascribed  to  the  su b s tra te  concen tra tion . The (emulsion) 
of l ip a s e  corresponds to  a c e r ta in  value of the i n t e r f a c i a l  co ncen tra tion .
Obviously, k in e t ic  eva lua tion  would be of l i t t l e  value fo r  l i v e r  
l ip a se  a t  th i s  p o in t .  I t  i s  s t i l l  not c e r ta in  how many in d iv id u a l  en­
zyme a c t i v i t i e s  are p resen t  in  the p re p a ra t io n s .  Furthermore, the  most 
su i ta b le  emulsifying and s t a b i l i z in g  components of the l i v e r  l ip a s e  assay 
system necessary fo r  achieving a l in e a r  r a t e  re la t io n s h ip  are not yet 
known. However, i t  seems p o ss ib le  th a t  the  r e c e n t ly  developed concepts
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of in t e r f a c i a l  enzymology w il l  make the  k in e t ic  evaluation  of heterogene­
ous c a ta ly s i s  f e a s ib le .
Experimentally obtained r a t e  curves (Figures 5, 7, 9) ind ica ted  
a very complex r e la t io n s h ip  of the r a t e s  of severa l hyd ro ly t ic  s te p s .
This complex r a t e  r e la t io n s h ip  might be the  r e s u l t  of the ac tion  of more 
than one enzyme, or i t  could rep re sen t  a complicated l i p o ly t i c  p a t te rn  
involving a c t iv a t io n  and/or in h ib i t io n  of in term ediate  re a c t io n  s te p s .
The enzyme p rep a ra t io n s  used in these  experiments contained not only th ree  
poss ib le  l i p o ly t i c  a c t i v i t i e s  showing d i f f e r e n t  t r ig ly c e r id e  s u b s t ra te  
and a c t iv a to r  p re fe ren ces ,  but a lso  monoglyceride a c t iv i t y .  Also, the 
assay system used contained b i le  s a l t  which has been shown.to a f f e c t  the 
thermodynamic equ ilib rium  of ind iv idua l su b s t ra te s  to  d i f f e r e n t  degrees 
(115). The e f f e c t  of gum a rab le ,  used as an em u ls i f ie r ,  upon the  e q u i l i ­
brium i s  not known.
The various f a c to r s  we have been d iscuss ing  may cause complicated 
r a t e  r e la t io n s h ip s  and thereby in fluence  s p e c i f ic  a c t i v i t i e s  and apparent 
s p e c i f i c i t i e s .  However, they do not f u l l y  exp la in  unusual r e la t io n s h ip s  
such as those shown in  Figure 7, where inc reas ing  concen tra tions  of pro­
te in  v i r t u a l l y  in h ib i te d  the l i p o ly s i s .  Perhaps t h i s  problem w i l l  be r e ­
solved when pure enzymes become a v a i la b le .  Although no experimental e v i ­
dence i s  a v a i la b le ,  the  following specu la t ions  are suggested as p o ss ib le  
explanation fo r  the in h ib i t io n  of l i p o ly s i s  a t  h igher p ro te in  concen tra­
t io n s :  ( l )  a reverse  l i p o ly s i s  might take  p lace  causing the observed ac­
t i v i t y  to  be sm aller (such a re sy n th e s is  of t r ig ly c e r id e  was noted by 
Borgstrom (lO l) with p an crea tic  l i p a s e ) ,  (2) l i p o ly s i s  might occur with 
a p a r t i c u la r  complex formed only with app rop ria te  amounts o |  enzyme and
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s u b s t r a te ,  and (3) in c reas in g  concen tra t ions  of p ro te in  might a l t e r  ad­
v e rse ly  c e r ta in  t r i g ly c e r id e  emulsions ( d i f f e r e n t  e f f e c t s  were noted with 
the  ind iv idua l s u b s t r a t e s ) .  U ntil  t h i s  phenomenon i s  adequately under­
stood the  e f f e c t  of p ro te in  concen tra tion  on the r a t e  of l i p o ly s i s  must 
be evaluated sep a ra te ly  fo r  each enzyme p rep a ra t io n  and s u b s t r a te .
L o ca liz a tio n  of A c t iv i ty  
In the p re se n t  s tu d ie s ,  a l l  l i v e r  s u b c e l lu la r  f r a c t io n s  showed 
a c t i v i t y .  With t r i b u t y r i n  and t r i c a p r y l i n  as s u b s t ra te s  the h ig h es t  spec­
i f i c  a c t i v i t y  was p resen t  in  the  microsomes. However, with Ediol as sub­
s t r a t e  the h ig h es t  a c t i v i t y  was p re sen t  in  the  so lub le  f r a c t io n .  Ediol 
con ta ins  monoglycerides as well as t r i g ly c e r i d e s .  What p o rt ion  of the 
a c t i v i t y  i s  r e l a t e d  to  monoglyceride l i p o ly s i s  was not determined. Al­
though C arter  (98) found the h ig h e s t  s p e c i f i c  a c t i v i t y  toward t r i o l e i n  
and t r ip a l r a i t in  in  microsomes some l i p o l y t i c  a c t i v i t y  was p re sen t  in  a l l  
s u b c e l lu la r  f r a c t io n s .  Higgins and Green (41) found the plasma membrane 
to  have the g r e a te s t  c ap a c ity  per u n i t  weight fo r  binding l i p id  and fo r  
ca ta ly z in g  t r i g ly c e r id e  h y d ro ly s is .
Demonstration of Ind iv idual L ip o ly t ic  A c t iv i t i e s  
The r e s u l t s  p resen ted  here s tro n g ly  suggest th a t  the l i v e r  con­
t a in s  e i t h e r  two, or p o ss ib ly  th r e e ,  s ep a ra te  l ip a s e s  or one enzyme with 
r e l a t i v e l y  d i s t i n c t  a c t i v i t i e s  or a c t iv e  s i t e s  fo r  sh o r t-ch a in ,  medium- 
chain , and long-chain  t r i g l y c e r i d e s .  The presence of these a c t i v i t i e s  i s  
a s se r te d  on the  b as is  of p re fe ren c es  fo r  s u b s t r a te ,  pH, b u f fe r ,  and ad­
d i t i v e s  d isp layed  by various  l i v e r  enzyme p re p a ra t io n s ,  as well as on the 
b a s is  of segregation  of a c t i v i t i e s  by p ro te in  f ra c t io n a t io n  procedures.
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The "standard" assay system used in  t h i s  study appears adequate fo r  the 
d e te c t io n  of a l i v e r  t r i g ly c e r id e  l i p o ly t i c  a c t i v i t y .  In order to  d i f ­
f e r e n t i a t e  between s p e c i f ic  l i p o l y t i c  a c t i v i t i e s  the  following a l t e r a ­
t io n s  should be introduced in  the  assay systems ( l )  fo r  sh o rt-cha in  t r i ­
g ly ce r id ase  a c t iv i t y ,  t r i b u t y r i n  emulsion should be u t i l i z e d  as s u b s t ra te ,  
g lycy l g lyc ine  should be used as b u f fe r  (pH 7) and albumin or a combina­
t io n  of CaCl2 and desoxycholate should be used as a d d i t iv e s ,  (2) fo r  med­
ium-chain t r ig ly c e r id a s e  a c t i v i t y ,  t r i c a p r y l i n  emulsion, g lycyl glycine 
b u f fe r  (pH 7.4) and desoxycholate as ad d i t iv e  should be used, (3) fo r  
long-chain  t r ig ly c e r id a s e  a c t i v i t y  o l iv e  o i l  emulsion as s u b s t r a te .  I r i s  
b u ffe r  (pH 8 .0) and desoxycholate as a d d i t iv e  should be used.
P hys io log ica l S ign if icance
The r e s u l t s  of rece n t  s tu d ie s  of severa l  groups of workers (5-11) 
have suggested th a t  chylomicron t r i g l y c e r i d e - f a t t y  acids are probably r e ­
moved from the c i r c u la t io n  without previous hydro lys is  by l i v e r  or by ex- 
t r a h e p a t i c  t i s s u e s .  Whereas removal of t r i g ly c e r id e s  by adipose t i s s u e  
and h e a r t  depends most probably  on the lo ca l  l ip o p ro te in  l ip a s e  a c t i v i t y  
(48, 49, 50), in  the l i v e r  the  chylomicrons can be removed from the  c i r ­
c u la t in g  blood as i n t a c t  molecules and, a f t e r  an i n i t i a l  lag  p er iod ,  t r i ­
g ly c e r id es  are  hydrolyzed (39, 40, 43, 44). The l a t t e r  hypothesis  i s  
based on two assumptions: f i r s t ,  the  uptake of unchanged t r i g ly c e r id e s
and second, the  presence of l i p o l y t i c  a c t i v i t y  in l i v e r  c e l l s .
The d e tec tio n  and c h a ra c te r iz a t io n  of the l i p o ly t i c  a c t i v i t i e s  
described  in t h i s  s tudy demonstrate the  presence of a hepa tic  t r i g ly c e r -  
id e - l ip a s e  and thus provide a h e re to fo re  "missing link"  in the hypothe­
s i s  on the  mechanism of t r i g ly c e r id e  uptake by the l i v e r .
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The unusually  low le v e ls  of l i v e r  l i p o ly t i c  a c t iv i t y  in a r e l a ­
t i v e ly  la rge  number of animals and the f ind ing  of a hormone-sensitive 
l ip a s e  in  adipose t i s s u e  by severa l groups of in v e s t ig a to rs  (70, 71), sug­
g e s ts  the p o s s i b i l i t y  of a s im i la r  hormonal a c t iv a to r  or system may be 
involved in  the a c t iv a t io n  of l i v e r  l i p a s e .  S tudies should be made to  
determine the  e f f e c t s  of n u t r i t i o n a l  f a c to r s ,  such as f a s t in g ,  high f a t  
and high carbohydrate d i e t s .  Hormonal e f f e c t s  should be s tudied  u t i l i z in g  
fa t-m o b il iz in g  hormones such as ep inephrine , ACTH and glucagon, or agents 
such as n ic o t in ic  acid and p ro s tag lan d in s .
CHAPTER V 
SUMMARY
T rig lycer ide  l ip a se  (g ly c e ro l - e s te r  hydrolase, EC 3 .1 .1^3) has 
been i s o la te d  from r a t  l i v e r  fo r  the f i r s t  time (95, 96). This enzy­
matic a c t i v i t y  has been r e la te d  to  the c r i t e r io n  proposed by Sarda and 
Desnuelle (3) th a t  l ip a s e s  are defined  as enzymes which hydrolyze e s te r s  
in a heterogeneous system. Enzyme p rep a ra t io n s  which catalyzed  the hy­
d ro ly s is  of em ulsified  t r i g ly c e r id e s  were i s o la te d  from r a t  l i v e r  homo­
genates and were p a r t i a l l y  p u r i f i e d  by butanol-w ater trea tm en t,  ammonium 
s u l f a te  p r e c ip i ta t io n  and Sephadex g e l - f i l t r a t i o n .
The l i v e r  l i p o ly t i c  a c t i v i t y  was shown to  be d i f f e r e n t  from 
l ip o p ro te in  l ip a se  on the b as is  of ( l )  the lack of any s t im u la to ry  e f ­
f e c t  of the _in vivo ad m in is tra t io n  of heparin ,  and (2) marked d if fe re n c e s  
in _in v i t r o  response to  a c t iv a to r s  and in h ib i to r s  by hepa rin -s t im u la ted  
serum l ip a se  and l i v e r  l ip a s e .
The p o s s i b i l i t y  t h a t  more than one l i v e r  l ip a se  i s  involved i s  
suggested by the  following evidence: ( l )  the  presence of th re e  d i s c r e te
pH optima, (2) the f a c t  t h a t  some p rep a ra t io n s  are devoid of a c t i v i t y  
aga in s t c e r t a in  s u b s t r a te s ,  (3) p re ference  of various p rep a ra t io n s  fo r  
sh o r t-ch a in ,  medium-chain or long-chain  t r i g ly c e r id e s ,  (4) the  a c t iv a t in g  
e f f e c t  of sp e c if ic  b u f fe r s ,  (5) the  f ind ing  th a t  a c t i v i t i e s  are not a f ­
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fec ted  p ro p o r t io n a te ly  by ammonium s u l f a t e  p r e c ip i ta t io n  of enzyme prep­
a ra t io n s ,  and (6) an inverse  r e la t io n s h ip  of in h i b i t i o n /a c t iv a t io n  of 
t r i b u t y r i n  or o l iv e  o i l  a c t i v i t i e s  when in h ib i to r s  or ad d i t iv e s  were add­
ed to  t h e i r  assay systems.
The problems of " i n t e r f a c i a l  enzymology" were d iscussed .  The 
fa c t  t h a t  l ip a s e  does not ac t  on so lub le  s u b s t ra te s  bu t ,  r a th e r ,  on emul­
s i f i e d  f a t  d ro p le ts  separated  from water by an in te r f a c e  r e q u ire s  consid­
e ra t io n s  and trea tm en ts  not necessary  with enzymes whose s u b s t r a te s  are 
water so lu b le .
All l i v e r  s u b c e l lu la r  f r a c t io n s  possessed l i p o ly t i c  a c t i v i t y .
The h ig h e s t  a c t i v i t y  toward Ediol was demonstrated in  the s o lu b le  f r a c ­
t io n  of the  l i v e r  c e l l .  However, h ig h e s t  a c t i v i t i e s  toward t r i b u ty r in  
and t r i c a p r y l i n  were found in  the  microsomes and m itochondria.
Assay systems which should be adequate to  demonstrate the  in d i ­
v idua l l i p o ly t i c  a c t i v i t i e s  were descr ibed .
The i s o la t io n  of a l i v e r  t r i g ly c e r i d e  l ip a se  has provided a here­
to fo re  "missing l in k "  in the  c u rren t  hypothesis  concerning the  mechanism 
of t r i g ly c e r i d e  uptake by the  l i v e r .
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